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JE OF CALIFORNIA-RESOURCES AGENCY tuMUND G. BROWN, Governor

iPARTMENT OF WATER RESOURCES

June 16, I96U

Honora'ble Edmund G. Brown, Governor,
and Members of the Legislature of the
State of California

State Capitol
Sacramento, California

Mr. Robert C. Dent, Chairman
Board of Supervisors
County of SaJi Diego
Courthouse
San Diego, California

Gentlemen

:

I am pleased to transmit herewith State Department of
Water Resources Bulletin No. 112, entitled "San Diego County-

Flood Hazard Investigation." The investigation that is reported
in this bulletin was conducted in accordance with "Cooperative
Agreement Between the State of California, Department of Water
Resources and the County of San Diego," dated June 26, I96I, and
Amendment No. 1 to this agreement dated June 25, 1963* Bulletin
No. 112 is being submitted in accordance with that agreement.

The purpose of the investigation was to delineate areas
of potential inundation along portions of the San Luis Rey, San
Dieguito, San Diego, Sweetwater, and Otay Rivers in San Diego
County for floods of 5O- and 100-year recurrence intervals. Maps
illustrating these areas of potential flooding are presented in

the report, together with a detailed exposition of the techniques
used in determining areas of inundation. Appendix A to Biilletin

No. 112, entitled "Regional Flood Frequency Analysis," which was
transmitted to San Diego County on August 5, 1963 j contains a

description of the methodology of regional flood frequency anal-
yses and the results of their application in determining peak
flood flows.

We have also included a discussion of the need for man-
agement of land use and a brief description of what local, state,
and federal agencies are doing to reduce flood damage in San Diego
County.

VI

1



Honorable Edmiind G. Brown, Governor,

and Members of the Legislature of the

State of California

Mr. Robert C. Dent, Chairman
Board of Supervisors
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The information presented in the bulletin should serve

as a guide to the reduction of the flood damage potential in the

development of the river valleys of San Diego County.

Sincerely yovirs.

^i/L^— f, 1^^^^-^
Director
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CHAPTER I. IMTRODUCTION

During the past two decsides, San Diego County has experienced

explosive urbanization of its coastal areas. The population of the

county has more than tripled during this period. This burgeoning develop-

ment is presently expanding into the river valleys of the coastal streams.

large portions of these river valleys are within floodplains and gire

subject to varying degrees of inundation from flood flows.

As previous flood control studies conducted in San Diego

County did not adequately delineate the extent of floodplains, local

authorities have not had available all of the data necessary for guiding

the urban growth within the river valleys. Not only does encroachment

on potential areas of inundation create a threat to lives and property,

but substantially increases the costs of any subsequent flood control

improvements. Accordingly, an investigation was initiated by the State

Department of Water Resources, at the request of the county, to delineate

the areas subject to flooding along certain portions of the major coastal

streams in San Diego County. The results of the investigation are pre-

sented in this report.

Authorization for Investigation

The Department of Water Resources is authorized by the California

Water Code, Division 6, Part 6, Chapters 1 and 2, known as "The State

Water Resources Law of 19^5," to make investigations of the water resources

of the State, formulate plans for the control, conservation, protection,

and utilization of such water resources, and to report on its findings.

When requested, the department may enter into a cooperative agreement
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vd.th any county, city, state agency, or public district to expend money

on behalf of the cooperator to accomplish the purposes of the law.

The State of California, Department of Water Resources, and

the County of San Diego entered into such a cooperative agreement and

each contributed the sum of $53*000 to finance the investigation by the

department of potential flood hazards of portions of coastal San Diego

County. A copy of this agreement is appended to this report as Appendix H.

Objectives and Scope of Investigation and Report

The objectives of this investigation were to determine the peak

discharges of floods of 50- and 100-year recurrence intervals and to de-

lineate the potential inundated areas for present cultural conditions for

each recurrence interval along specific reaches of the San Luis Rey, San

Dieguito, San Diego, Sweetwater, and Otay Rivers in San Diego County.

To accomplish these objectives, the study was divided into two

basic parts: (l) analysis of regional hydrology; and (2) determination

of areas of potential inundation.

Regional hydrology studies were performed for the purpose of

producing reliable estimates of peak flood discharges for the 50- and

100-year recurrence intervals for ungaged drainage areas located in coastal

San Diego County. In estimating these discharges, it was necessary to con-

sider floods of more frequent recurrence and synthesize or extend runoff

records by correlation with runoff data from streams tributary to the

study area and from streams in adjacent watersheds. A detailed descrip-

tion of this study and the results thereof are presented in Appendix A,
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entitled "Regional Flood Frequency Analysis," which has been previously

published by the department in March 19^ 3

•

The second part of the study utilized the estimates of peak

flood flows established from the regional flood frequency analysis to

determine the potential floods and areas of inundation for portions of

the streams in the study areas. The work necessary to Accomplish this

objective consisted of determining hydraulic properties of the flood chan-

nels at selected intervals, results of reservoir and stream channel routing,

backwater conditions, and water- surface profiles for flood peaks of 50-

and 100-year recurrence intervals. Water- surface profiles were plotted

on large-scale maps to indicate the areas of potential inundation.

To insure that San Diego County sind other interested agencies

received information on areas of potential inundation as soon as possible,

the department on April 1, I962 contracted with the U. S. Geological Sur-

vey to determine the areas subject to inundation from the 50- and 100-year

floods for those portions of the San Luis Rey and San Dieguito Rivers under

study. In its investigation, the U. S. Geological Survey utilized the

methods set forth in Appendix A. The department carried out the analyses

and delineated the areas of inundation within the San Diego, Sweetwater, and

Otay River Basins. A detailed description of the techniques employed for

determining areas of potentisLL inundation is presented in Appendix B, en-

titled "Methods and Procedures."

A summary of the results of this investigation is presented in

Chapter III of the text of the report, and detailed supporting data are

presented in Appendixes C through G. Each of these appendixes presents

the results of the flood routing for one of the five streams studied and
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shows the areas of potential inundation for various conditions of initial

reservoir storage. The areas are delineated on plates hound at the end

of each appendix. Appendixes F and G were prepared by the U. S. Geological

Suirvey. In Appendix H, the cooperative agreement between the State of

California and the County of San Diego authorizing the investigation and

report is reproduced. A bibliography is presented in Appendix I.

Related Investigations and Reports

The State Department of Water Resources, including its prede-

cessor, the Division of Water Resources, and the U. S. Army Corps of

Engineers, have prepared a number of reports on the coastal San Diego

County area which include data on flood potential. These reports were

reviewed and use was made of pertinent material and data contained therein.

Principal reports which were utilized are as follows:

State of California, State Water Resources Board. Bulletin No. 1, "Water
Resources of California," 1951*

State of California, Department of Public Works, Division of Water
Resources. Bulletin No. U8, "San Diego County Investigation," 1935*

. Bulletin No. kd-A, "San Luis Rey River Investigation," 1936.

. Bulletin No. 55, "San Dieguito and San Diego Rivers Investigation,"

19U9.

State of California, Department of Water Resources, Bulletin No. 72,

"San Dieguito River Investigation," 1959*

United States Army, Corps of Engineers. "Appendixes to Accompany Report

on Survey, Flood Control, San Dieguito River, San Diego County,

California, March 1, 1956."

University of Chicago, Department of Geography, Research Paper No. 70,

"Papers on Flood Problems," Gilbert F. White, Editor, I961.

Additional publications used in preparation of this report are

listed in Appendix I.



Area of Investigation

San Diego County is located in the southwestern portion of both

the State of California and the United States, as shown on Plate 1,

"Boundaries of Investigational Area and Location of Gaging Stations." The

county is about rectangular in shape and measures approximately 70 miles

from east to west and 6o miles from north to south. The Coast Range trav-

erses the county from northwest to southeast and constitutes a major

drainage divide between the arid eastern portion of the county and the

coastal region. Approximately two-thirds of the county is situated west

of the divide.

Rising from the shores of the Pacific Ocean, the San Diego

County Coastal Plain Joins the foothill remges at an average distance

from the coast of about 10 miles. Beyond the coastal plain is the foot-

hill valley zone of 10 to 15 miles in width, which has elevations varying

from about 600 feet in the valleys to about 1,700 feet at foothill peaks.

Farther east, alternating valleys and ranges rise progressively higher,

reaching a crest ^4^0 to 6o miles from the coast in the Coast Range. In

this mountain-valley zone, elevations range from 3^000 feet to a maximum

of about 6,500 feet near the mountain divide.

Seven principal streams originate on the western slope of the

Coast Range and discharge into the Pacific Ocean. From north to south

these streams are the Santa Margarita, San Luis Rey, San Dieguito, San

Diego, Sweetwater, Otay, and Tia Juana Rivers. In the mountain region

these streams have cut deep, narrow canyons which occasionally widen into

highland valleys. Across the coastal area the major streams traverse

vsilleys which are narrow where the streams have cut through resistant



rocks, and wider through the softer formations. The minor streams are

less deeply entrenched and have, for the most part, cut only narrow canyons.

This investigation involves portions of five of these principal

streams of coastal San Diego County and their floodplain areas. From north

to south these streeims and the portions for which flood hazard areas have

been determined are as follows:

San Luis Rey River from Lake Henshaw to its mouth.

San Dieguito River from Sutherland Dam to its mouth.

San Diego River from El Capitan aind San Vicente Dams
to Mission Gorge.

Sweetwater River from Sweetwater Dam to its mouth.

Otay River from Lower Otay Dam to its mouth.

There are nine major reservoirs within the five watersheds of

San Luis Rey, San Dieguito, San Diego, Sweetwater, and Otay Rivers vrtiich

were considered in the flood hazard study. More detailed descriptions of

the reservoirs are described in the attached appendixes. Table 1 lists

the nine major reservoirs along with pertinent data.
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CHAPTER II. LAND USE MANAGEMENT AND FLOOD
PLANNING ACTIVITIES IN SAN DIEGO COUNTY

The location of urban development on the floodplains of the

major rivers of semiarid San Diego County poses a flood threat to life and

property. Various federal, state, and local agencies have been active

both in the planning of physical works and in management of land use to re-

duce potential flood damages. This chapter discusses the need for land

use management in the area, the State's interest in land use, and some of

the planning activities being carried on in the area by vajrious public

agencies

.

Need for Management of Land Use

Since 1936 the federal government has spent 600 million dollars

in California on flood control works. In addition, substantial expend-

itures by state and local agencies have been made. In spite of this,

average annual flood damage is greater today than in 1936.

The population of California is expected to double in the next

15 years. To keep pace with this tremendous increase in population, it

is necessary to develop the State's land resources that are subject to

recurrent flooding by overflow of streams . For proper development of

these floodplains to prevent loss of life and property, disruption of

commerce, interruption of transportation and communications, and to pre-

vent further reduction of channel capacities, comprehensive planning and

management of these floodplain lands are necessary.

Historical Floods

Coastal San Diego County is subject to sudden and severe floods.

From the headwaters to the mouths of the canyons, the streams have steep



side slopes and are relatively short. From the steeper canyons to the

Pacific Ocean, the streams are flatter as they pass through canyons and

traverse broad valleys. These flatter channels have insufficient capac-

ity to carry large floods with the result that streams overflow their

hemks and inundate the valley plains.

Mean seasonal precipitation for coastal San Diego County ranges

from about 10 inches near the coast to about k^ inches in the mountains.

In addition to geographic variability, precipitation exhibits great

seasonal variability as exemplified by records at San Diego where suinual

precipitation has ranged from about 3 to more than 27 inches. Storm in-

tensity also varies greatly with a recorded maximum of 11.5 inches in

80 minutes recorded at Campo, near the Mexican border.

Nearly all precipitation occurs during the months of November

through April. Most precipitation results from general winter storms

that are associated with extratropical cyclones of North Pacific origin.

Major storms consist of cyclonic disturbances which may last four days or

more and which cause precipitation over large areas. Small eunounts of

precipitation result from infrequent summer thunderstorms and tropical

cyclones. Snow occurs in mountain areas during the winter months, how-

ever, snowmelt has little effect on flood peaks.

Historical references to floods in San Diego County began in

1769 with the founding of Mission San Diego de Alcala. Although exact

records of flows from the mission's founding through the middle of the

nineteenth century etre not available, analysis of notes and diaries of

the Mission Fathers and early travelers indicates which years exhibited

exceptional runoff. Examination of these early records and more reliable
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later data indicates that there have been at least 25 years in the last

19^ during which floods have occurred, suid it seems probable that of

these floods 6 were of destructive magnitude.

Historic floods of magnitudes undoubtedly capable of major dam-

age included the flood of I825 which chajiged the course of the San Diego

River from Mission Bay to San Diego Bay, and the flood of l862 said to

have been the largest on the San Diego River within recorded history.

The Ifiurgest major flood of recent times in San Diego County

occurred in I916. This flood was by far the most destructive of record

in the county. There were 23 deaths by drowning, most of which were

caused by the flood wave created by the failure of Lower Otay Dam. All

important highway smd railroad bridges were destroyed or severely dajnaged,

many miles of track and roadbeds were washed out, and for nearly a month

all supplies had to be brought into San Diego by ship. The only communi-

cation with areas outside the county was by wireless after all telephone

and telegraph lines failed.

Almost all water supply systems were damaged, including dajnage

to dams, water mains, pipelines, irrigation ditches, wells and pumps.

The greatest damage of this type was the complete destruction of Lower

Otay Dam, the partial destruction of Sweetwater Dam, and the deunaging of

the Dulzura conduit of the City of San Diego.

Aside from the loss of life the greatest form of damage was

that resulting from the destruction of farmland improvements. The agri-

cultural bottom land of the Otay River Valley and portions of the Tia

Juana, Sweetwater, San Dieguito, and San Luis Rey River Valleys were ren-

dered unfit for cultivation. A total of about I.5 million dollars in
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direct deunage resulted from the loss of etgricultural lands, while all

other forms of damage to water supply systems, railroads, highways, public

utilities, etc., amount to an additional loss of about 3 million dollars.

Since I916, the flood of 192? was the most damaging. Even

though no exact flood damage information is available, it is known that

damages were much less than those of 1916, due primarily to the fact that

this flood was of lesser magnitude than that of I916.

The flood of 193^ vas moderately large on streams in the north-

ern portion of the county, but diminished in maignitude in southern areas.

Direct losses to agriculture, water supplies, railroads, and highways

were estimated to be approximately 600 thousand dollars.

Present and Potential Development

San Diego County is presently experiencing rapid urbanization

of its coastal areas. In the period from 19^+0 to I96O, the population of

San Diego County has increased almost 250 percent. In the next two dec-

ades, it is estimated that the county's population will about double.

Figure 1 depicts the historical and projected population growth of San

Diego County from I90O to 2020.

The total assessed valuation of San Diego County in 1962-63 was

$1,727,607,070 compared to $6lO,l88,ij-80 in 1952-53- Based on an assessed

valuation of $1,^79 per capita in 1962, the assessed valuation of San Diego

County in the next two decades will be well over 3 billion dollars. A

survey made by the San Diego Manpower Council in cooperation with the

California Department of Employment and the U. S. Department of Labor in

i960 indicated that a majority of the projected population growth will be

supported by new industries. Land use surveys conducted by the Department

of Water Resources show that the gross acreage of urban and suburban

-12-



FIGURE I
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HISTORICAL AND PROJECTED POPULATION OF SAN DIEGO COUNTY

DEPARTMENT OF WATER RESOURCES, SOUTHERN DISTRICT, 1964



areas in San Diego County was 51,600 acres in 19^8 and 88,350 acres in

1958, an increase of 70 percent. IXiring the same period, irrigated agri-

culture increased from 58,500 acres to 63,^30 acres. Acreages devoted to

various categories and classes of Isind use in these years are presented

in Table 2.

TABLE 2

LAND USE IN COASTAL SAN DIEGO CQUNTY IN 19i^8 AND I958
In acres

Category and class of land use [ l^kQ ' 1958

Urban and Suburban

Residential
Commercial
Industrial
Unsegraigated urban and suburban area

Subtotals

Included nonwater seirvice area

Gross urban and suburban area

Irrigated Agriculture

Alfalfa
Pasture
Citrus and subtropical
Truck crops
Field crops
Deciduous fruits and nuts
Small grains
Vineyards

Subtotails

Fallow
Included nonwater service area

Gross irrigated agriculture

TOTALS

a. Value not available
b. Acreage for vineyards grouped with field crops

-lU-
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state Interest in Lajid Use

As stated, flood deunage in California is greater today than in

1936 in spite of expenditures of about 700 million dollars on flood con-

trol works by the federal and state governments and substantial sjnounts

by local agencies. This is largely due to encroachment of permanent im-

provements onto the floodplains vd.thout adequate flood control measures

being undertaken. Subdivisions, as well as industrial and commercial

establishments, are being built in areas which are subject to flooding.

A questionnaire survey taJcen in 1958 sjad updated in I96O revealed that

only ik of the 58 counties in California had zoning ordinances control-

ling development in locations where flood dajnage was likely to occur.

In view of the persistent trend toward the development of flood-

plains, further steps sure essentieil to encourage local agencies to con-

trol use of floodplains in order to prevent loss of life and minimize

damage to property from floods. In order to assist local agencies, the

State acts as coordinator between the local agency and the U. S. Army

Corps of Engineers in the conduct, by the Corps, of floodplain informa-

tion studies under Section 206 of the Flood Control Act of I96O. These

information studies provide a factual basis in planning the use of flood-

plains and in preparing zoning ordinances. In addition, the State can

assist by making studies and information available to local agencies in

support of their zoning activities, such as this report for Ssui Diego

County.

Because of the importance of preserving an unobstructed flood-

way for passage of floodwater, consideration was given by the Flood Plain

Zoning Subcommittee of the California Water Commission to an approach
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under which the State would notify local flood control districts or govern-

mental agencies of the necessity for establishing floodplain prohibitive

zones in critical areas. The term "Flood Plain Prohibitive Zone," was

defined as that area which, if properly channelized, could discharge

flood runoff having a frequency of occurrence of once in 100 years. This

approach provided that, if the local authorities failed to act on this

request within a reasonable period of years, the State would have the

authority to make the necessary investigations and cause such zones to be

established. Although it was well recognized that this was, and is, a

responsibility primarily of locsJ. agencies, such ein approach would have

enabled the State to exercise some authority in those critical areas in

which the local government failed to act.

In a California Water Commission review of the floodplain prob-

lem, public hearings were held in both Northern and Southern California

to determine the opinions of interested local eigencies in regard to state

participation in the floodplain zoning program. In general, the local

agencies indicated that they were not interested in having the State take

a strong position in this field, on the premise that local responsibility

would be preempted by the State.

In consideration of the views of local agencies, the Flood Plain

Zoning Subcommittee modified its proposed policy on floodplain zoning.

The modified policy would give the State, acting through the Department

of Water Resources, the responsibility for notifying local governmental

agencies of the necessity for establishing Flood Plain Prohibitive Zones

on streams on which the State has a financial interest in contemplated or

approved federal flood control projects. Under state statutes, the State
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reimburses local eigencies for the cost of acquisition of lands, ease-

ments, and rights-of-way, and the cost of relocation of utilities for

federally authorized flood control projects. The policy further provides

that, where local governmental agencies have failed to inaugurate flood-

plain zoning, the State shall he relieved of any responsibility for such

reimbursement of local costs. It is manifest that development within the

floodway will increase the value of rights-of-way required for federal

flood control projects and the costs thereof subject to reimbursement by

the State. Legislation to implement this policy was introduced in the

Legislature during 1963* but was referred to the Senate Flact Finding Com-

mittee on Water for further study.

Methods for Obtaining Optimum Land Use

It is generally recognized that at least two measures are re-

quired for the optimum use of land subject to overflow from floodwaters. .

These are: (l) planning and regulation of land use (or keeping the people

and improvements away from the floodwaters ) ; and (2) flood control works

(or keeping the floodwaters away from the people and improvements).

Planning and Regulation of Land Use

Offered below in the following paragraphs, for discussion pur-

poses, is information on floodplain planning which could be used as cri-

teria for establishment of zones in which land use regulation could be

applied. The suggested criteria are presented for information only.

In the management of floodplain land use, a framework is often

needed in which floodplain zones may be defined. An extensive study of

guides for setting floodplain regulation lines has been made by the
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Department of Geography of the University of Chicago. In Research Paper

No. 70, entitled "Papers on Flood Problems," by Professor Gilbert F. White,

Editor, criteria are suggested which are susceptible to relatively easy

determination and that are readily interpreted to property owners and

public officials. The three zones depicted in Figure 2 for various stream

cross section conditions have been suggested and sire described as follows:

1. Prohibitive Zone - A-C—that zone, in addition to the pri-

mary water A-B, where any encroachment would be presumed to be

against the public interest. No building would be permitted.

2. Restrictive Zone - C-M—that zone where it would advance

the general Isuid-use aims of the community to restrict uses in re-

lation to flood hazard.

3. Warning Zone - M-Z--that zone where it would be in the in-

terest of the property owners, managers, or prospective owners to

receive warning of the risks involved but in which restriction is

deemed unwarranted. In this zone, flooding would be infrequent and

presumably property managers could exercise some degree of self

regulation when given advance warning.

Control of land use within the floodplain may be established by

zoning, channel encroachment laws, building codes, said acquisition of fee

title or flowage easements by public agencies. Often improper land use

can be discouraged by keeping the public informed on flood hazards.

If zones are to be established, they should be created after

flood hazard areas are mapped suid sound criteria eo-e available, both of

which must be based on evaluation of hydrologic, hydraulic, and topo-

graphic data. These zones are subject to revision as flood control
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reservoirs and channels are constructed. Regulation of land use and

planning and construction of flood control facilities should be carefully-

coordinated and integrated.

Floodplain regulation does not preclude the use of land, but

merely identifies the type of activities suitable for various areas within

the floodplain. Parks, athletic fields, golf courses, fish and wildlife

sanctuaries, race tracks, sand and gravel mining, and some types of agri-

cultural and industrial development may often be permitted within areas

susceptible to infrequent inundation. Certain commercial and industrial

buildings can be "floodproofed, " if flooding is considered in their design

and construction.

Flood Control Activities in San Diego County

Protecting specific lands from the ravages of floods through

construction of flood control works is another method of obtaining opti-

mum land use. Once the land is protected, a higher level of development

can occur on the floodplain with attendant enhancement of the economy.

The following describes some of the flood control planning and

construction activities of federal, state, and local agencies in San Diego

County

.

Federal Agencies . Ffederal agencies active in San Diego County

in the field of flood control planning include the U. S. Army Corps of

Engineers, the Soil Conservation Service of the U. S. Department of Agri-

culture, and the U. S. Geological Survey. The latter agency cooperated

with the State Department of Water Resources in the preparation of this

bulletin by determining areas of potential inundation for floods on the

San Dieguito and San Luis Rey Rivers.
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The Hodges Flood Control Reservoir Project on the San Dieguito

River was authorized for federal participation by Congress in I958 after

a study by the U. S. Army Corps of Engineers. The authorization provided

for a federal contribution toward flood control estimated to be $1,961,000

to assist in the financing of enlarging, by local agencies, existing Lake

Hodges. The project would consist of a concrete gravity dam approximately

210 feet high above streambed with a crest length of 970 feet. This would

provide approximately 375^000 acre-feet of storage, with 280,000 acre-feet

for water conservation, 85,000 acre-feet for flood control purposes, and

10,000 acre-feet for sediment storage.

The San Diego River and Mission Bay Project was completed in

1959 fey the U. S. Army Corps of Engineers at a total cost of about

$12,800,000. Work involved construction of a leveed channel 8OO feet wide

from O.k mile above Morena Boulevard to the ocean. On the San Diego River

in Mission Valley, a U. S. Army Corps of Engineers' feasibility report on

chajinel improvements between Morena Boulevard and Pkirmount Avenue has

been completed by the District Engineer, Los Angeles District, and a pub-

lic hearing has been held. The total first costs of the project are es-

timated to be $22,300,000. The plan is scheduled to be considered by the

Chief of Engineers, commented upon by the State of CaLLifornia, ajid submit-

ted to Congress for authorization, probably in 196^.

A report on a flood control survey of the Santa Margarita

River, entitled "Report on Survey for Flood Control, Santa Margarita

River and Tributaries, California," April 17, I96I, was completed by the

U. S. Army Corps of Engineers. The report states that studies completed

by the U. S. Army Corps of Engineers in 19it9 indicated that the best
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plan for flood control in the Santa Margarita River watershed would in-

clude construction of a multipurpose dam and reservoir on the Ssmta

Margarita River at the De Luz site. The reservoir would have a total ca-

pacity of about 210,000 acre-feet for both flood control and water conser-

vation. It would produce an estimated mean seasonal safe yield of 20,000

acre-feet and would reduce the design flood of 55^000 cubic feet per

second to 20,000 cubic feet per second. The 19^+9 studies also concluded

that no other flood control improvements in the watershed could be justi-

fied. The report eilso stated that through enactment of Public Law 3^1,

83rd Congress, the Secretary of the Interior was authorized to construct

a multipurpose reservoir at the De Luz site. This legislation also

authorized the Secretsiry of the Army to utilize for purposes of flood

control a portion of the capacity of the reservoir. It was concluded in

the report that under present conditions of development, flood control

improvements upstream from the De Luz site are not economically justified

and, therefore, the Chief of Engineers concluded that no additional pro-

ject be adopted by the United States for flood control on the Santa

Margarita River and tributaries.

At the request of the International Boundary and Water Commis-

sion, a preliminary plan for flood protection on the Tia Juana River was

prepared by the District Engineer, Los Angeles District, U. S. Army Corps

of Engineers, to alleviate potential flood problems along the river from

the Mexican border to the ocean. The plan would provide for a project

consisting of a concrete-lined trapezoidal channel and facilities for

off-stream spreading of runoff for ground water recharge. The study was

completed and a draft of a report was forwarded in December I963 to the
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United States Section, Inteniational Boundary and Water Commission for

consideration as an internationeil project.

A report on survey for water resources development on the San

Luis Rey River is now in progress by the U. S. Army Corps of Engineers.

The survey will involve the feasibility of construction of spreading

grounds and multipurpose reservoirs for flood control and water conser-

vation. It is anticipated that the survey will be completed about 1965-

A flood control sui^ey is presently underway by the U. S. Army

Corps of Engineers for the portion of the Sweetwater River below Sweet-

water Dam. The survey will include determination of the feasibility of

construction of channel improvements in this area, which has recently ex-

perienced a rapid urbanization. The report on survey is scheduled to be

completed in 1965"

A $8,628,000 multipurpose flood control and water storeige pro-

ject on Escondido Creek was authorized in June 1962 under provisions of

the Watershed Protection and Flood Prevention Act (Public Law 566). The

project would consist of a multipurpose dam and reservoir on Jacks Creek,

tributary to Escondido Creek, that would provide flood control and regu-

lation of imported water from the First San Diego Aqueduct, 7«3 miles of

ira[proved channel along Escondido and Reidy Creeks, and land treatment

measures to provide watershed protection auid flood prevention. The plan

for the project was prepared by the Escondido Soil Conservation District,

City of Escondido, and San Diego County, with assistance from the Division

of Soil Conservation and Division of Forestry of the State Department of

Natural Resources, and the Soil Conservation Service and the Forest Ser-

vice of the U. S. Department of Agriculture. Construction is expected

to commence in 196^.
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Another Public Law 566 development in Seua Diego County is the

Buena Vista Creek Watershed Project. Buena Vista Creek has a watershed

of 9,000 acres euid discharges into the Pacific Ocean between Oceanside

and Carlsbad. The principal community within the watershed is Vista.

The project consists of enlaxging auid concrete -lining the channels to re-

duce floods and deposition damages. Construction is in progress euid

should be completed in 196'4- at a cost of about $1,860,000.

State Agencies . The need for the State to review and comment

on water resource development programs of federal agencies operating in

California has long been recognized. This responsibility has been placed

upon the State by action of the Congress and accepted sind implemented by

action and directives of the Legislature and Governor.

With enactment of Public Law 53^, the Flood Control Act of 19^^,

Congress recognized the interests and rights of the states in determining

the development and control of water resources. The activity was expanded

with the passage of Public Law 566, the Watershed Protection and Plood

Prevention Act, and Public Law 685 amending the Flood Control Act of l^kQ.

In furtherance of this activity, the State attempts to coordi-

nate the planning activities of the various federal and local agencies in

order to achieve the most effective and economic development and utiliza-

tion of the water resources of the State. In its reports reviewing pro-

posed federal flood control projects, the State makes recommendations -with

respect to such aspects as project engineering and financial feasibility

and economic justification. The California Water Plan, together with more

detailed studies of units thereof, is utilized as the principal guide.
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The Department of Water Resources has been designated by the

Governor as the responsible state agency for review and preparation of

official state views and recommendations on water projects in, or affect-

ing, the State, proposed by federal eigencies or local agencies requesting

federal financial assistance, with the exception of those proposed under

Public Law 566. The State Soil Conservation Commission is the respon-

sible state agency for projects planned under that law; however, it is

the practice of the commission to solicit the views of the Department of

Water Resources on such projects.

Official comments of the State include statements of all inter-

ested state agencies and often the views of affected cities and counties.

To facilitate preparation of official state comments, it has been found

desirable for the department to keep informed of flood control planning

by federsuL sigencies and furnish, on request, informal comments on prelim-

inary plans prior to completion of final federal feasibility reports.

The department's interest in prospective federal flood control

improvements extends beyond the need for coordination of planning activi-

ties and includes the department's responsibilities for furnishing assist-

ance in financing costs of lands, easements, ajid rights-of-way required

for federally authorized flood control projects. This assistance program

is described in Part 6, Division 6 of the State Water Code euid provides

for reimbursement of costs of reconstruction of bridges, utilities, and

drainage facilities and costs of incidental right-of-way, as well as costs

of lands sad improvements. In San Diego County, the department has reim-

bursed the indicated amounts for the following projects:
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Costs of lands, easements, and rights
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of-vay reimbursed by the State
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frequent inundations axe zoned for eigricultural use, suid subdivisions are

prohibited. Also, flood-hazard studies are made by the Department of

Special Services District of the County of San Diego for all proposed

subdivisions. However, no detailed studies had been available for use

until this present study of flood hazard areas. Criteria considered by

the county are degree of inundation caused by a 50-year flood for subdivi-

sions with a drainage area of less than 10 square miles and a 100-year

flood for those with a drainage area of more than 10 square miles. The

State Real Estate Commission is then notified of the results of these

flood-hazard studies so that the public can be warned of possible flood

damage.

Local soil conservation districts, in cooperation with San Diego

County or with incorporated cities, cosponsor plajas for flood control de-

veloped under Public Law 566. Two projects in San Diego County, the Buena

Vista Creek Watershed Project and the Escondido Creek Watershed Project,

fall into this category.
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CHAPTER III. AEEAS OF POTEHTIAL INUNDATION

The purpose of this study was to determine the areas of poten-

tial flood inundation along portions of the San Luis Rey, San Dieguito,

San Diego, Sweetwater, and Otay Rivers for floods of 50- and 100-year re-

currence intervals. All of the areas of potential inundation determined

for this study are shown on Plate 2. As stated previously, the study con-

sisted of two basic parts— regional, hydrology and determination of areas

of potential inundation.

The first part of the study, regional hydrology, was reported

on in Appendix A to this bulletin. By utilization of graphs in that ap-

pendix, peak flood discharges were determined at various points along the

streams for floods of 50- and 100-year recurrence intervals.

The second part of the study was the determination of the water-

surface profiles for both floods under different assumed conditions of

reservoir levels. From the water-surface profiles, areas subjected to

possible inundation were determined.

Summaries of the estimated peak flood discharges at selected

locations in the San Diego County for two different reservoir conditions

are shown in Tables 3 and k. The locations are shown on plates in the

appendixes for each of the rivers. Table 3 shows the estimated 50- and

100-year peak flood discharges with reservoirs assumed full at the be-

ginning of runoff, and Table k shows the 50- and 100-year discharges with

reservoirs assumed partially full at the beginning of runoff.

The areas of potential flood inundation were delineated on

plates at a scale of 1 inch equals 2,000 feet. These plates are included
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TABLE 3

ESTIMATED TOTAL PEAK FLOOD DISCHARGES AT SELECTED
LOCATIONS IN SAN DIEGO COUNTY, ASSUMING FULL

RESERVOIR CONDITIONS

Stream

Peak discharge,
in cubic feet per second

50-year
recurrence
interval

100-year
recurrence
interval

San Diego
River

Sweetwater
River

Otay River

Old Mission Dam 1^3,000

Confluence of San Vicente
Creek and San Diego River 3^,500

At Highway 101 Bridge 14-0,000

Confluence of Rice Csuiyon

and Sweetwater River 38,300

San Dieguito
River

San Luis Rey
River

6o,000

51,000

55,000

53,200

At San Diego and Eastern
R.R. "bridge



TABLE k

ESTIMATED TOTAL PEAK FLOOD DISCHARGES AT SELECTED
LOCATIONS IN SAN DIEGO COUNTY, ASSU^a:NG PARTIALLY FULL

RESERVOIR CONDITIONS*

Stream

Peak discharge,
in cubic feet per second

50-year
recurrence
interval



Any reduction in flow area by debris, and change in hydraulic properties

due to growth of trees and underbrush will also increase the areas of poten-

tial inundation. Conversely, any improvements in the hydraulic character-

istics of the channels with no further encroachment onto the floodplains

will decrease the areas of inundation. These changes in conditions of the

river channels are more critical in the wide coastal plains than in the

upper portions of the basins. In the former case, flood flows will spread

across the floodplains due to insufficient main-channel carrying capacity

whereas in the latter case the flood flows will be confined between canyon

walls.'

The following briefly summarizes for each area studied, the ex-

tent of present development within the area and the effect of existing

reservoirs on the flood hazards.

San Diego River

A land use survey in the San Diego River Basin downstream from

El Capitan and San Vicente Dams to Mission Gorge was conducted by the De-

partment of Water Resources in I958. The survey indicated that approxi-

mately 50 percent of the developed area was devoted to urban use. Most of

the urban areas are concentrated around Lakeside and Santee. The results

of the 1958 land use survey for the study area are presented in Table 5*

Flood peaks in the San Diego River Basin are attenuated somewhat

by temporary storeige of water in two existing reservoirs. San Vicente

Reservoir (capacity 90,23i<- acre-feet at spillway elevation) on San Vicente

Creek and El Capitan Reservoir (capacity 116,^52 acre-feet at spillway

elevation) on the San Diego River provide some flood reduction to areas

located below. It was found that some attenuation of the flood peak was

-32-



TABLE 5

LAND USE IN 1958 IN SAN DIEGO RIVER BASIN
DOWNSTREAM FROM EL CAPITAN AND SAN VICENTE DAMS

TO MISSION GORGE

Category and class of land use
Area

In acres : In percent

Urban and Suburban

Residential



achieved even when the reservoirs were assumed to be full at the beginning

of runoff due to surcharge storage above the elevations of the spillways.

Cuyamaca Reservoir, on Boulder Creek in the extreme upper basin, and other

smaller reservoirs in the basin were found to have no appreciable effect

on flood peaks in the study area.

The effects of San Vicente and El Capitan Reservoirs on the

50- and 100-year flood peaJts were determined by routing these two floods

through the reservoirs for two conditions of reservoir levels: (l) both

reservoirs full at beginning of runoff; and (2) San Vicente Reservoir two-

thirds full and El Capitan Reservoir one-half full at beginning of runoff.

The assumption of the two-thirds full condition at San Vicente Reservoir

is a different criterion from that assumed for the other major reservoirs

in San Diego County. This was because the reservoir provides terminal

storage for the First San Diego Aqueduct and a minimum storage of 6o,000

acre-feet is maintained for emergency water supply purposes, which amount

is approximately two-thirds of the total storage capacity.

Routed reservoir outflows were combined with the natural flood

flows from local drainage areas to obtain the total peak dischaiiges. The

elevations of the water surface at these points were calculated based

upon the total derived peak discharges and the geometry and roughness of

the channel and adjacent floodplain areas.

The extent of flooding along the San Diego River and San Vicente

Creek from El Capitan and San Vicente Reservoirs to Mission Gorge is shown

on Plates C-2A, C-2B, C-2C, C-3A, C-3B, and C-3C, in Appendix C. These

plates reflect the areas of potential inundation for 50- and 100-year flood

peal^ under present conditions for the two assumed initial reservoir conditions.
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Sweetwater River

A survey conducted by the Department of Water Resources in I958

of land use in the Sweetwater River Basin between Sweetwater Dam and the

mouth of the river indicated that approximately 9,CXX) acres, or 72 percent

of the total developed area, were devoted to urban use. Most of the urban

area was located in the City of Chula Vista, The results of the 1958 land

use survey in the Sweetwater River Basin between Sweetwater Dam and the

mouth are presented in Table 6.

Peak discharges in the channel of the Sweetwater River below

Sweetwater Dam are reduced as a result of temporary storage of water in

two existing water conseirvation reservoirs: Sweetwater Reservoir (capac-

ity 27,689 acre-feet at spillway elevation) and Lake Loveland (capacity

27,700 acre-feet at spillway elevation). The effects of these reservoirs

on the 50- and 100-year flood peaks were determined by routing these two

floods for two conditions of reservoir levels: (l) reservoirs full at

beginning of runoff; and (2) reservoirs filled to one-half capacity at

beginning of runoff.

The total peak flood discharges at various points along the

river were obtained by combining the routed reservoir outflows with the

natural flood flows from local drainage areas below the reservoirs.

Water surface elevations in the floodplain were calculated from the

total peak flood discharges and the geometry and roughness of the channel

and adjacent floodplain areas.

Areas along the Sweetwater River from Sweetwater Dam to the

mouth that would be subject to flood hazard are shown on Plates D-2 and

•35-



>. >



TABLE 6

LAND USE IN SWEETWATER RIVER BAJ
SWEETWATER DAM AND THE MOUTH



D-3 Appendix D. The plates reflect the areas of potential inundation

for 50- and 100-year flood peaks for the two assumed initial reservoir

conditions.

Otay River

About 3^900 acres, or 60 percent, of the approximately 6,500

acres of developed land in the Otay River Basin Below Lower Otay Reser-

voir were devoted to urban uses in 1958> according to a land use survey

conducted by the Department of Water Resources. Most of this urban land

is located in the Imperial Beach-Palm City area on the southern edge of

San Diego Bay. The results of the 1958 land use survey for the portion

of Otay River Basin between the mouth of the river and Lower Otay Reser-

voir are presented in Table 7»

Upper and Lower Otay Reseirvoirs reduce peak discharges of

floods from the upper Otay River Basin. Lower Otay Reservoir is cre-

ated by Savage Dam located on the Otay River about 13 miles upstream

from the mouth and impounds 56, 326 acre-feet of water at spillway eleva-

tion. Upper Otay Reservoir on Proctor Valley Creek has a storage capac-

ity of 2,825 acre-feet. The effect of temporary storage of water in

these reservoirs on the 50- and 100-year flood peaks was determined by

routing these two floods for two conditions of reservoir levels: (l) re-

servoirs full at beginning of runoff; and (2) reservoirs filled to one-half

capacity at beginning of runoff.

The total flood discharges at various points along the Otay

River below Savage Dam were obtained by combining the routed reservoir

outflows with flood flows from local drainage areas. The water- surface
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TABLE 7

LAND USE IN OTAY RIVER BASIN BETWEEN

LOWER OTAY DAM AND THE MOUTH

IN 1958

Area
Category and class of land use



elevations at these points were calculated from the total peak flood dis-

charges and the geometry and roughness of the river channel.

Potential flood hazard areas along the Otay River from Savage

Dam to the mouth of the river are shown on Plates E-2A, E-2B, E-3A, and

E-3B in Appendix E. The plates show the areas which would be subject to

flooding for floods of 50- and 100-year recurrence intervals under the

two assumed initial reservoir conditions.

San Dieguito River

A land use survey in the San Dieguito River Basin from Suther-

land Dam to the river mouth, conducted by the Department of Water Resources

in 1958> indicated that the major portion of the developed area was devoted

to agriculture. Only about 8 percent of the developed area was devoted to

urban use. The urban areas were located principally near the ocean in

the Del Mar-Solano Beach area and in the town of Ramona in the upper basin.

The results of the 1958 land use survey conducted in the San Dieguito

River Basin from Sutherland Dam to the mouth of the river are presented

in Table 8,

River flows in the San Dieguito River Basin are regulated by

Sutherland Reseirvoir (capacity 29,680 acre-feet at spillway elevation)

on Santa Ysabel Creek in the upper basin, and by Lake Hodges (capacity

33>550 acre-feet at spillway elevation) in the lower basin, about 12

miles upstream from the river mouth. The effect of these reservoirs on

the 50- and 100-year flood peaks was determined by routing these two

floods for two conditions of reservoir levels: (l) reservoirs full at

beginning of runoff; and (2) reservoirs filled to one-half capacity at

beginning of runoff.
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TABLE 8

LAND USE IN SAN DIEGUITO RIVER BASIN BETWEEN
SUTHERLAND DAM AND THE MOUTH

IN 1958

Category and class of land use



Routed resei-voir outflows were combined with the natural flood

flows from local drainage areas to obtain the total peak discharges at

various points along the stream. The elevations of the water surface at

these points were calculated based upon the total derived peak dis-

charges and the geometry and roughness of the channel and adjacent

floodplain areas.

The extent of flooding along the San Dieguito River from

Sutherland Dam to the mouth is shown on Plates k-A through k-E in Ap-

pendix F, which was prepared by the U. S. Geological Survey. These

plates reflect the areas of potential inundation for 50- and 100-year

flood peaks for the two assumed initial reservoir conditions.

San Luis Rey River

In 1958* a land use survey by the Department of Water Resources

in the San Lais Rey River Basin below Lake Henshaw showed there were only

about 3>^00 acres, or about 10 percent, of the more than 32,000 acres of

developed lands that were devoted to urban use. The remaining 90 percent

of the developed area was devoted to irrigated and nonirrigated agri-

culture. Most of the urban lands were located at the mouth of the river

near Oceanside. The results of the 1958 land use survey conducted in

the San Luis Rey River Basin from the mouth of the river to Henshaw Dam

are presented in Table 9»

Flood peaks along the lower San Luis Rey River are affected by

Lake Henshaw (capacity 19*^,323 acre-feet at spillway elevation) which has

completely controlled floods from the upper portion of the drainage area

since the dam was built in 1922. Studies by the U. S. Geological Survey
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TABLE 9

LAND USE IN SAN LUIS REY RIVER BASIN
BETWEEN LAKE HENSHAW AND THE MOUTH

IN 1958

Category and class of land use
Area

In acres : In percent

Urban and Suburban

Residential



indicate that the reservoir would contain the entire 50- or 100-year

flood peak assuming the reservoir would be one-heilf full at the beginning

of runoff. The probability that Lake Henshaw would be full at the time

of a major flood is so remote that no consideration was given to the magni-

tude of flood peaks for this condition.

The natural peak discharges for the 50- and 100-year floods in

the basin below Henshaw Dam were determined by methods outlined in Appen-

dix A to this bulletin. The water- surface elevations were determined

from the peak discharges and the hydraulic characteristics of the river

channel under present conditions.

Areas subject to flooding along the San Luis Rey River from

Henshaw Dam to the mouth are shown on Plates 5-A through 5-F in Appen-

dix G, which was prepared by the U. S. Geological Survey. The plates

reflect the extent of potential inundation for 50- and 100-year flood

peaks.
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Introduction

This appendix presents a detailed exposition of the methods and

procedures used to determine the areas of potential inundation along por-

tions of the San Luis Rey, San Dieguito, San Diego, Sweetwater, and Otay

Rivers for floods of 50- and 100-year recurrence intervals.

The procedure adopted to estimate flood discharges from ungaged

areas as presented in Appendix A is discussed along with its application.

The method used to develop hydrographs illustrating the time-discharge

relationship for discharges at selected locations is described. Also des-

cribed are the methods used in reservoir and stream routing to determine

the attenuating effect of reservoir and channel storage on peak flows.

Finally, the procedure employed to determine the water-surface profiles

is presented, including determination of the areas of potential inundation.

The methods and procedures used in this investigation were

adopted after perusal of engineering texts, reports of the U. S. Geologi-

cal Survey and U. S. Army Corps of Engineers, and publications of local

and state agencies. References reviewed as part of this study are listed

in Appendix I.

Determination of Flood Discharges from
Ungaged Areas

Reliable estimating of unimpaired flood peaks emanating from

ungaged areas within coastal San Diego County has been made possible

through use of multiple regression equations displaying the functional

relationship of peak discharge to selected drainage basin pareimeters

.

These parameters were chosen to reflect the possible hydrometeorological
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and physiographic differences in the study area. The parameters consid-

ered were draineige area, basin shape factor, rainfall intensity, annual

basin loss (precipitation less runoff), channel slope, and channel stor-

age factor.

The flood peaks for 50- and 100-year recurrence intervals were

determined by using the multiple regression euialysis because this resulted

in a lower staxidard error of estimate than would result from use of the

index flood method. The stajidard error of estimate was computed by com-

paring discharges computed by the multiple regression emd index flood

methods with measured discharges at gaiging stations. The index flood

method utilizes a regional frequency curve which is defined by a dimen-

slonless ratio of the meeua annual flood to floods of other recurrence in-

tervals. It was found that the ratios of the 100-year flood to the meeui

annual flood were much larger and of greater variability for the semiarid

San Diego County area than for the more humid areas of the United States

for which the index flood method was developed. Because of this, a small

error in estimating the mean annual flood is magnified when determining

floods of other recurrence intervals.

Although no one multiple regression equation proved to be reli-

able in determining flood peaks of all magnitudes, the relatively simple

b c
relationship Q = aA Sh , where a, b, and c are constemts, was found to

have a high degree of reliability in estimating flood peaks of 50- and

100-year recurrence intervals. The reliability of this relationship

could not be significantly improved by the addition of other basin para-

meters. In this regard, the complex regression equation Q = aA°St°L'^Sh®

b c
was compared with the simpler regression equation Q = aA Sh , and it was
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found that for the 100-year recurrence interval, use of the more complex

regression equation resulted in computed discharges which were on the aver-

age within 7 percent of the vailue obtained using the simple equation.

Because of the small difference in computed discharges between

the two regression equations, the simpler form of the equation was chosen

for the investigation.

The constants in the simpler equation were derived by assigning

known values of Q, A, and Sh in the equation Q = eiA Sh'^, using measured or

computed discharges for l8 specific drainage areas in coastal San Diego

County, and computing the constants by simultaneous solution of the l8

equations using a digital computer.

The equations derived for computing discharges at the 5O- and

100-year flood levels were:

Q^Q = 1016 A Sh
0.59 -O.kk

Sh

0.60 ^^-0.57
Q^QQ = 1288 A Sh

where Q is the flood peak in cubic feet per second, A is draineige basin

area in square miles, and Sh is a dimensionless basin shape factor expres-

sed as the ratio of the diameter of a circle of area equal to the basin

area, to the length of the basin measured parallel to the principal channel.

Peak discharge values can be determined by analytical solution

of these equations or through use of the graphical solution of these

equations shown in Figures B-1 and B-2.

The investigational areas were divided into subareas correspond-

ing to the major tributaries to the rivers. The peak discharge at selected

ungaged points, usually downstream from the confluence of the river and

major tributaries, was determined by use of Figures B-1 and B-2 after
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CELlculating the drainage area and shape factor for the total area upstream

or for the tributary area below upstream reservoirs if such reservoirs

existed.

A detailed exposition of the multiple regression analysis and

the criteria upon >rtiich the selection of these two equations are based may

he found in "Regional Flood Frequency Analysis,'^ Appendix A to this bulle-

tin, dated March 1963-

Flood Hydrographs

Since peaking time is different for flows originating in differ-

ent areas, flood hydrographs are necessary for fixing the time of peak

flows. A series of hydrographs derived from actual storms for various

drainage areas was analyzed to detennine the time at which peak flows occur,

the width of the hydrograph in hours for various percentages of peak flow,

and the length of significant flows. An average hydrograph for coastal

San Diego County was then synthesized from the following hydrographs of

known storms:

1. Temecula Creek at Pauba Canyon for storms of February 1937
and December 2l<-25, 19^*0.

2. Murrieta Creek at Temecula for storms of February 1937>
December 2i^-25, 19^4-0, and January 22-214-, 1914-3.

3. Santa Margarita River below confluence of Murrieta and
Temecula Creeks for storms of February 1937) December 214--25,

I9I4O, and January 22-24, I9U3.

k. Santa Margarita River near Fallbrook for storms of February

1937, December 2U-25, 1914-0, and January 22-2l^, 19^4-3.

5. Santa Margarita River at Ysidora for storms of February 1937
and January 22-214-, 19143.

6. San Luis Rey River near Bonsall for storms of February 27 to
March 6, 1938.

7. San Luis Rey River at Henshaw Dam for storms of January 16-21,
1916, and January 26-30, I9I6.
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8. Santa Ysabel Creek near Raraona for storm of January 26-29,
1916.

9. Santa Ysabel Creek near Mesa Grande for storm of January 26
to 29, 1916.

10. San Dieguito River near Bernardo for storm of January 26-29,
1916.

11. Sweetwater River at Sweetwater Dajn for storm of January 27,
1916.

Table 1 shows the values of percent of peak discharge by hours

obtained for an average four-day flood hydrograph for coastal San Diego

County. The four-day flood was selected because the 1916 flood, the larg-

est of record, extended over a four-day period and had a recurrence inter-

val of approximately 100 years. Since this study is concerned with 50-and

100-year floods, the four-day flood was selected as the most appropriate

for this study.

TABLE 1

COORDINATES OF AVERAGE FLOOD HYDROGRAPH FOR
SAN DIEGO COUNTY

Peak discharge,
in percent of

maximum

Hours after
peak*

100

75
50

25
10

5

2.8
i^.5

7.5
11.7
16.0

5.1
11.3
17.0
39-5
53.0

*Peak discharge occurs at the 30th hour.

An average flood hydrograph was plotted from the values in

Table 1 and is shown in Figure B-3. Hydrographs for selected locations

along the stream channels were calculated by taking the peak discharges

at the desired locations and applying the percentage of peak discharge

ratios obtained from Figure B-3.
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Determination of Peak Flood Flovs Affected by-

Reservoir and Channel Storage

The multiple regression equations give estimates of unimpaired

peak flood discharges only and do not reflect any attenuation of flood

peaks caused by storage of water in reservoirs and channels. Therefore,

peaking time was considered and reservoir flood routing procedures were

used to take into consideration the effects of reservoirs on the peak

flood discharges from the areas above the reservoirs and natural stresun

channel routing procedures were used for the areas below these reservoirs.

Reservoir Flood Routing

As stated, flood discharges from drainage areas above reservoirs

are attenuated by storage available in the reservoirs, thus decreasing the

flood peaks passing the dsums. The effects of the reservoirs, except Henshaw

and San Vicente, on the 50- and 100-year flood peaks were determined by

routing these two floods through the reservoirs with reservoirs one-half

full and full at beginning of runoff. Routing was undertaken at San

Vicente Reservoir for full and two-thirds full conditions and at Henshaw

for one-half full only. In some instances, for assumed reservoir condi-

tion of partially-full initially, the peak flood flows at each of the

selected points were the result of runoff originating from areas below the

dams only. In this case, the overflows from the dam spillways did not con-

tribute to the peak flood flows because the attenuating effect of reservoir

storage caused the flood peak to arrive much later. This section describes

the reservoir flood routing methods used in this study.

Flood routing techniques are based upon the continuity equation

which, when applied to reservoir flood routing, states that the volume of

water discharged past the dam during any time interval, must equal the
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volume of inflow to the reservoir plus or minus the change in storage in

1/*
the reservoir for the seime time interval. The general equation- is of

the form.

Outflow = Inflow -^-|j^^^ (1)

where the outflow and inflow period is equal to ATime.

1/*
The general continuity equation-' has been modified to the

following form

I -r j^ X \ J. = r\ —
At

2S 2S

dl + I2) + At - Ol = "aF -^ O2 (2)

where

:

\ I, = inflow at the beginning of the routing period

lo = inflow at the end of the routing period

At = routing period

0^ = outflow at the beginning of the routing period

Op = outflow at the end of the routing period

S-^ = storage at the beginning of the routing period

Sp = storage at the end of the routing period.

The continuity equation is used in conjunction with the sta^e-

discharge relationship for dam spillways derived for overpour sections

from the weir formula:

Q = CLH^/^ (3)

and for siphon spillways from the formula:

1/2
Q = CA(2gH) iS)

where

:

Q = discharge over spillway or through siphon spillway in cubic

feet per second

Numbers refer to reference number in bibliography, Appendix I.
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C = empirical discharge coefficient

L = net length of spillvay in feet

A = area of siphon at throat in square feet

g = acceleration due to gravity

H = head of water on spillway or total available head in siphon,
in feet.

By use of Equations (3) and {k) to obtain the stage-discharge

relationship and by use of a storage capacity curve, the reservoir outflow

was related directly to the storage in the reservoir above the spillway.

This is the storage-outflow relationship. By use of this storage-outflow

relationship and the derived inflow hydrograph. Equation (2) was solved

for successive increments of time to obtain the outflow hydrograph. A

digital computer was used for this portion of the work. A detailed dis-

course on reservoir flood routing may be found in U. S. Geological Survey

Water Supply Paper 1514-3 -B.

Stream Flood Routing

Flows from the reservoirs ^ as depicted by the outflow hydrographs,

were routed downstream and combined with flows as depicted by flood hydro-

graphs for the areas below the dams. In each case, the stream reaches were

divided into segments and outflow hydrographs were developed at the end of

each of the subdivided reaches, the final ones being at the mouths of the

rivers except for San Diego River which was at Mission Gorge.

A simplified form of the Muskingham method—^ was used in the

stream flood routing computations. The general equation is:

Storage = K xl + 0(l - x)
|

(5)
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where

:

K = slope of storage -weighted discharge relation and has the
dimension of time

X = a dimensionless constant which weights the inflow and out-
flow rates

I = inflow rate at a given time

= outflow rate at a given time.

?y assuming that the storage within a given reach is a function of outflow

only, thereby setting x equal to zero, the general equation is reduced to

S = KO. Further, by assuming that K is equal to the time, T, required for

the center of gravity of the flood wave to pass through the reach, the

equation becomes S = TO. From the continuity equation:

(II + I2) At - (Oi + O2) At
S2 - Si = 2 2 ^^^

substitute TO^ for S^^ and TO2 for S2 and solve for O2:

2T - 1

2T + 1
At At

0. = _^1 12 + 0, A_t
(y)

2 2T + 1 ' 2T + 1

where

:

, = instantaneous outflow from a reach at the beginning of
successive time units At

I^ , Ip ~ instantaneous inflow to a reach at the beginning of
successive time units At

T = travel time as defined above

At = increment of routing time.

The travel time, T, was determined by estimating the velocity of the flood

wave from published data, where possible, but in most cases an averaige

velocity was used as determined from velocities obtained in the backwater

computations for various peak discharges.
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Channel Hydraulics and Backwater Computations

After the peak flood flows at various points along the rivers

were determined, the elevation of the water surface was established by

utilization of backwater curve computation methods and steige -discharge

curves

.

Stream channel chajracteristics were first determined for the

reaches of the rivers under consideration, river flows of varying amounts

were routed through the reaches, the stages were determined by backwater

computations, and stage-discharge curves were prepared for selection points

along the reaches.

Stream Channel Characteristics

The depth of water at any given section along a stream channel

for a given quantity of flow depends not only upon the physical character-

istics of the channel at that section, but also upon conditions upstream

and downstreajn. Physical characteristics of stream channels that may

significantly affect the flow of water, that were evaluated as part of

this study, are cross section and roughness. When the physical character-

istics of a stream channel have been determined, the "standard step method"

of backwater curve computations can be used to compute the water-surface

profile

.

The physical characteristics of the rivers were determined by

field surveys and use of U. S. Geological Survey 7.5 minute quadrangle

maps and topographic maps with a scale of 1 inch equals 200 feet and a

five-foot contour interval which were obtained from the San Diego County

Engineer's office.
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Cross Sections . The cross sections of the stream channels and

adjacent floodplains were plotted in most cases from the aforecited county

maps and from field survey notes supplemented by U. S. Geological Survey

quadrangle maps. Detailed cross sections were field sui^eyed at selected

points and used as checks against the topographic maps

.

Cross sections used in the backwater computations were taken

near abrupt changes in stream channel width and slope, bridges, confluence

of tributary streams, changes in general land use and cover, and locations

of stream meanders.

Roughness . Stresun channel roughness is a major factor that

affects the flow of water. Roughness is usually expressed as a coefficient,

n, in the Manning formula, as follows:

t, = i486 ^2/3 ^1/2
(3)

where

:

Q = channel flow in cubic feet per second

n = Manning's roughness coefficient

A = cross sectional area of water in square feet

R = hydraulic radius of channel in feet

S = slope of energy grade line in feet per foot.

Values of the roughness coefficient in the Manning formula were

determined from runoff records, where available, and visual inspection in

the field. Photographic slides of the stream channels were taken in the

field and compared with slides in the files of the Los Angeles office of

the Surface Water Branch, U. S. Geological Survey, for streajn channels
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where the 'n" values are known. The U. S. Geological Survey has developed

a large file of photographic representations of roughness coefficients for

natural stream channels calculated from data obtained at the time of actual

floods

.

The following factors were considered in evaluating roughness

coefficients from photographs: surface roughness, vegetation, channel ir-

regularity, and obstructions.

Backwater Curve Computations

Calculations to establish water-surface profiles for natural

stream channels generally involve nonuniform flows, where depth and velocity

change between points along the stream. As the surface of a fluid moving

in an open channel subjected to changing depths and velocities does not

usually change abruptly with the changing conditions of its environment,

a "backwater effect" is created. The backwater effect creates a curve in

the water surface as the flowing water tries to conform to its constantly

changing environment.

The technique used for calculating backwater curves is termed

the "standard step method." As the standard step method is a laborious,

repetitive process when used in connection with natural stream channels,

the procedure is ideally suited for an electronic digital computer. A

progrsun for a digital computer was written and used for the backwater

curve computations described herein.

The equation for the standard step method of backwater curve com-

putation" and the assumptions accompanying its use are set forth below:

^^1 ^ °^l-i^ ^ «f ^ «e = ^^2 ^ °^2 "2i (9)
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where :

WSj^ and WS2 = water-surface elevation, in feet, at Sections
1 and 2

2 2
V V

oC-.
1 and qCo

^ = velocity head, in feet, at Sections 1 and 2
^ 2g ^ 2g,

oC-. and cK'o =" Coriolis or energy coefficient at Sections 1 and 2

2g

V2
Hg = 0.5 A c/3^ = eddy loss, in feet, for decreasing velocity

downstream. No loss was assumed for increasing
velocity downstresim

2

A o('p— = difference of velocity heads, in feet, between Sections^ 1 and 2

Hf = Sf L = head loss, in feet due to friction, where Sj- is the

friction slope, as defined below, and L is the length
of reach between Sections 1 and 2.

The friction slope, S-f , is equal to the total discharge, Q,

through the reach divided by the geometric mean of the conveyance factors

/ xl/2
' %^' ^°-'^ Sections 1 and 2, the quantity squared, as follows:

5/The conveyance factor, K—
^

, is defined as:

K . i^ ar'^2 (11)n ^ '

from the Manning formula

Q = 1^ Ar2/3
3I/2

)

or

Q = K S^/^ (12)

In order to take into consideration the nonuniform distribution

of velocities in a river section^, the velocity head determined from the
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mean velocity was corrected by multiplying by the energy coefficient, c^ .

The energy coefficient was determined as described below:

Let AA = an incremental area of the entire cross-sectional area, A

w = unit weight of water

V = velocity of water passing the incremental area, A A

^^ ^ ^ = kinetic energy of water passing AA per unit time
2g

Z^^
^^ = total kinetic energy of water passing cross section

2g

A = total area of cross section

Q = total flow passing cross section

Q
V = mean velocity = —

oT^ = corrected velocity head for the entire area

vV A
oT—^— =total kinetic energy

Then equating )
wvAA = c/wy_jA, ^^^ solving for oT,^ 2g 2g

or= IzL^A ^yv%A
(13)

v3a /—- V^A

Calculation of the energy coefficient, cC, was included in the

computer program as a part of the backwater curve computations.

Special Conditions in Backwater Computations

The digital computer program used to facilitate computations

operated only where the flow was subcritical, therefore, special consider-

ation was given to reaches of stream channel where supercritical flows were

observed. Special consideration was also given to the backwater effect at

the confluence of the rivers with major tributaries and the effect caused

by bridges.
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In using the computer for computations of backwater upstream

from bridges the calculations were first carried past the bridge sections

by substituting a section corresponding to the stream before the bridge

was constructed. This established a theoretical normal water surface at

the bridge section. Backwater effect due to the bridge construction was

then computed manually following procedures developed by the U. S. Geolo-

gical Survey and discussed in U. S. Geological Survey references listed in

Appendix I. The original backwater computation was then adjusted by com-

puting the backwater curve upstream starting from the water-surface

elevation on the upstream side of the bridge until the water-surface ele-

vation of the adjusted backwater curve coincided with the original theore-

tical water-surface elevation.

At major tributaries the elevations of the water surfaces

immediately upstream from the confluence in both the main river and its

tributary were determined by using a variation of the equation for the

standard step method of backwater curve computation^, Equation (9)^ as

follows

:

V 2
/ 2\ V 2

WSi + °^1
2i-

^ (SfL)i.2 + 0.5
[^'^i)^_^

= WS2 ^ °^2 -% (IM

for the main stream and

^^1 ^ °^i S^ ^ (Sf^\.3 ^ °-5 (^1.3 = ^^3 - °^3 ^ (^5)

for the tributary. Subscript 1 denotes the section immediately below the

confluence; subscript 2 denotes the section of the main stream immediately

above the confluence; and subscript 3 denotes the section of the tribu-

tary immediately above the confluence. The other terms are as defined
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before. The friction slope, S^c., was assumed to be the arithmetic mean of

the friction slope of the respective sections. The backwater computation

was then carried upstream past the tributary confluence by first estab-

lishing the water- surface elevations immediately upstream from the con-

fluence by a trial ajid error procedure amd then continuing the backwater

computations.

In most reaches of the streams where the flow was supercritical,

the depth of flow was approximately critical depth, and no attempt was

made to locate the point of transition from supercritical to subcritical

flows, or to refine the backwater computation to reflect supercritical

flow conditions. However, in certain instances, especially in the upper

reaches of the river where the bed slopes were steeper than the critical

slopes, normal depths were assumed for these reaches.

Stage -Pischarge Curves

Backwater curves were computed for various discharges covering

a range which included the 50- and. 100-year floods for each river under

investigation and stage-discharge curves were plotted at selected points.

These curves were then used to determine the stages at selected points for

the computed peak discharges.

Determination of Areas of Potential Inundation

Areas of potential inundation were determined for the study area

for floods of 50- and 100-year recurrence intervals for two assumed reser-

voir conditions: (a) partially full initially and (b) full, initially.

The water-surface profiles for both the 50- and 100-year floods

were determined by first calculating the peak discharges at selected
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points along the river for the respective floods for the two different

assumed initial reservoir conditions. From the known peak discharges and

the stage-discharge curves for particular points on the stresim, the water-

surface elevations were determined and the water-surface profile drawn. A

straight line variation in the water-surface profile was assumed between

any two successive sections where the stage -discharge relationship was

derived

.

From the water-surface profiles ^ the elevations of the flood-

waters at any point along the river could be ascertained. Areas which

would be subject to inundation from the two floods studied were then delin-

eated upon topographic maps at a scale of 1 inch equals 200 feet. For

the purposes of presentation in this report, the areas of potential inunda-

tion were delineated on plates at a scale of 1 inch equals 2,000 feet.
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CHAPTER I. INTRODUCTION

In this appendix are presented magnitudes of peak flood flows

at selected locations along the San Diego River for floods of 50- and

100-year recurrence intervals. Areas inundated from these floods eire

shown on plates at the end of the appendix.

The methodology utilized in this appendix for reservoir and

stream channel flood routing and for backwater computations follows com-

monly used techniques as detailed in Appendix B. Water- surface profiles

thus determined were plotted on maps to indicate the areas of potential

inundation.

Scope of Investigation

The studies of the flood potential of the San Diego River were

directed toward producing reliable estimates of water-surface profiles

for flood peaks of 50- and 100-year recurrence intervstls and to delineate

the areas which might be inundated by these floods . The work necessary

to accomplish these objectives consisted of establishing reliable esti-

mates of peak flood flows, determining hydraulic properties of the flood

channels, calculating water-surface profiles along the approximately 19

miles of floodplain from Mission Gorge to San Vicente and El Capitan

Reservoirs, and delineating sireas of potential inundation.

Description of Area of Investigation

The San Diego River watershed has am area of k'ih squeire miles

and lies on the western slopes of the Coast Range in San Diego County.

The 50-niile long river flows generally southwesterly and dischaj-ges into

the Pacific Ocean through Mission Bay.
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The San Diego River Basin comprises rugged mountain peaks at

higher elevations, but the lower portion of the basin consists of mesa

lands and valleys. Elevations throughout the basin generally range from

sea level to 600 feet in the lower portion and from 600 to 6, 500 feet in

the mountains. Cuyamaca Peak, the highest point in the basin, has an ele-

vation of 6,515 feet.

The mean annual precipitation varies from approximately 11 inches

in the lower portions to approximately 35 inches in the mountains. The

flow at the mouth of the river varies from no discharge to a maximum es-

timated value of 75,000 cubic feet per second, which occurred in I916.

There are two major reservoirs, El Capitan and San Vicente

Reservoirs, within the San Diego River watershed. San Vicente Reservoir,

with a capacity of 90,23^ acre-feet, is located on San Vicente Creek, a

tributary to San Diego River. The reservoir is used to store imported

water from the First San Diego Aqueduct and local runoff transferred from

Sutherland Reservoir on Santa Ysabel Creek, tributary to the San Dieguito

River. El Capitan Reservoir on the San Diego River, with a capacity of

116,^52 acre-feet, impounds local runoff. Both reservoirs 8u:e owned and

operated by the City of San Diego to meet municipal water demands.

The reservoirs within the San Diego River watershed axe listed

in Table 1, eilong with pertinent data.

That portion of the San Diego River Basin considered for poten-

tial flood hazards is located between Mission Gorge and El Capitan and

San Vicente Dams. The communities of El Cajon, Santee, and Lakeside lie

within the study area. The San Diego River Basin suid the area within

the basin studied for possible inundation are delineated on Plate C-1,

"Boundaries of Investigational Area within San Diego River Basin."

C-3





CHAPTER II. PEAK FLOOD FLOWS

Determination of peak flood flows at the ^0- and 100-year fre-

quency level for ungaged reaches of the San Diego River and its tribu-

taries is discussed in this chapter. The method outlined herein combines

the use of regression equations and techniques of reservoir and river

channel flood routing. The development of the equations was discussed in

detail in Appendix A, "Regional Flood Frequency Analysis," and the routing

techniques utilized are explained in Appendix B, "Methods and Procedures."

Determination of Flood Discharges from Ungaged Areas

The estimated peaJc discharges at selected ungaged points on the

San Diego River as a result of runoff emanating from areas below El

Capitan and San Vicente Dsims for floods of 50- and 100-year recurrence

intervals are presented in Table 2. These values of discharge were de-

termined by use of Figures B-1 and B-2 in Appendix B.

The estimated unimpaired peak flood discharges from areas above

El Capitan and San Vicente Reservoirs were determined in the seime manner

as for the areas below the reservoirs. The estimated 50- and 100-year

flood peaks for the I90 -square-mile drainage area above El Capitan Reser-

voir were found to be 2U,300 and 32,500 cubic feet per second, respectively.

The estimated 50- and 100-year flood peaks for the 75-square-mile drain-

age area above San Vicente Reservoir were found to be 15,000 and 20,500

cubic feet per second, respectively.

The shape of the flood hydrograph characterized by these peaks

is shown on Figure B-3 and is discussed further in Appendix B.
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The flood peaks obtained from Figures B-1 and B-2 of Appendix B

are attenuated by storage capacity available in the reservoirs, as well

as channel storage, and the resulting diminished outflows were combined

with the values shown in Table 2 to determine the total discharge at

various points.

Effect of Reservoirs and Channel Storage
on Peak Flood Flows

This section shows the attenuating effect of reservoir and chan-

nel storage on peak flood flows. The diminishing of flood peaks, as a

result of flood flows entering reservoir storage will be discussed first,

followed by a description of the effect of channels on flood peaks.

Reservoir Flood Routing

The 50- and 100-year floods upstresjn from Ell Capitan and San

Vicente Reservoirs were routed through these resei-voirs assuming two ini-

tial reservoir conditions: (l) El Capitan Reservoir one-half full and

San Vicente Reservoir two-thirds full; and (2) both reservoirs full.

El Capitan Reservoir . Utilizing the storage capacity curve and

the spillway discharge curve for El Capitan Reservoir as shown on Figure C-1,

flood flows at the 50- and 100-year recurrence intervals were routed through

the reservoir. As stated, this was done assuming two initial reservoir

conditions: one-half full (58,226 acre-feet) and full (116,^52 acre-feet).

The results of routing the flood flows for the different conditions of

initial reservoir storage are depicted graphically on Figure C-2.

With the reservoir full initially, the flood peaks for the in-

flow and outflow hydrographs at the 100-year recurrence intervals are
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FIGURE C-2
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32,500 and 26,800 cubic feet per second, resi>ectively, with a leig of about

four hours between the peaks. At the 50-year flood recurrence interval,

the flood peaks are approximately 2it,300 and 19,600 cubic feet per second

for the inflow and outflow hydrographs, respectively, with a lag of about

four hours between the peaks

.

When the reservoir is assumed to be one-half full initially,

the peak outflow at the 100-year recurrence interval was only 1,2^+0 cubic

feet per second, with a lag of about 6*+ hours between hydrograph peaks.

For a 50-year flood, no reservoir spill occurred.

San Vicente Reservoir . Because San Vicente Reservoir is used

to store imported water, it is improbable that the amount of storage would

ever decrease to a one-half full condition as is the case with El Capitan

Reservoir. The City of San Diego has indicated that the future operating

procedure is based on maintaining a minimum storage of 60,000 acre-feet

of water in San Vicente Reservoir for emergency use. Therefore, the flood

routing calculations for this reservoir were based on the assumption of

initial resei-voir conditions of approximately two-thirds full (60,000

acre-feet) and full (90,23i4- acre-feet).

The storage capacity curve and the spillway discharge curve for

San Vicente Reservoir shown on Figure C-3 were utilized in the routing com-

putations. The result of routing floods of 50-and 100-year recurrence

intervals with the reservoir initially full are depicted on Figure C-k.

The 100-year flood, with the reservoir initially full, produced

inflow and outflow peak discharges of 20,500 and 16,^4^00 cubic feet per

second, resi)ectively, with four hours lag between peaks. For the 50-year
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FIGURE C-4
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flood with the reservoir initially full, the inflow and outflow peaks

were 15,000 and 11,700 cubic feet per second, respectively, with five

hours lag in peaks

.

For the condition of reservoir two-thirds full initially, the

outflow peak discharge for a 100-year flood was only 2, 58O cubic feet per

second. There was no reservoir spill for a 50-year flood with the reser-

voir two-thirds full initially.

Stream Flood Routing

By utilization of the method described in Appendix B, the out-

flows from El Capitan and San Vicente Reservoirs resulting from the 100-

year flood, with reservoirs initially full, were routed individually to

Mission Gorge. In each case the stream reach from the dam to Mission

Gorge was divided into three approximately equal segments and an outflow

hydrograph was developed at the end of each of the subdivided reaches,

the final one being at Mission Gorge.

The travel time, T, for each reach was determined by estimating

the velocity of the flood wave from the data published in U. S. Geological

Survey Water Supply Paper k26 for the flood of January 27, I916. From the

published peaking times for the flood at points 8.5 miles upstream from

Old Mission Deim in Mission Gorge and 12.5 miles downstream from Old Mission

Dam, the velocity of the flood wave was determined to be about 7-6 feet

per second, which was slightly higher than the average velocities calcu-

lated for various peak discharges ranging from 50,000 to 20,000 cubic feet

per second.

By utilizing the computed value of 7-6 feet per second for each

of the subdivided reaches to determine the value of T, the outflow
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hydrographs were generated at the end of each suhreach by use of Equa-

tion 7 in Appendix B. An increment of one hour was used for the routing

period, T.

Determination of Total Peak Flood Flows

The peak flood flows at each selected point along the reach of

the San Diego River under study were determined by combining flood hydro-

graphs of the routed overflows from the dam spillways with the hydrographs

of the contributing areas below the reservoirs.

The combined hydrographs for 50- and 100-year floods, with reser-

voirs initially full, at the confluence of San Diego River and San Vicente

Creek are shown on Figure C-5, and the hydrographs at Mission Gorge are

presented on Figure C-6.

For the initial condition of reservoirs partially full, the

spill from the reservoirs did not add to the peak because of the consid-

erable time lapse between the earlier peak flow from the tributary axeas

below the dsims and the subsequent peak reservoir spill. The total peak

discharge, therefore, was the discharge determined for the tributary area

below the reservoirs, as shown on Figures C-7 and C-8. These peaks cor-

respond to the veilues shown in Table 2.

Magnitudes of peak discharges for the 50- and 100-year floods at

selected points along the San Diego River for the assumed condition of

reservoirs full initially are set forth in Table 3. It will be noted that

the partial discharges tabulated for each area contributing to the peak

discharge are the discharges taken from the individual hydrographs directly

below the maximum discharge on the combined hydrograph, and that this value

may not be the maximum discharge for the smaller hydrographs due to the

influence of lag time.
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FIGURE C-5
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FIGURE C-6
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FIGURE C-7
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CHAPTER III. AREAS OF POTEOTIAL INUNDATION

This chapter describes the final step in the study—determina-

tion of the areas of potentiail inundation along the San Diego River and

San Vicente Creek from Mission Gorge to El Capitan and San Vicente Reser-

voirs for 50- and 100-year floods. The study was conducted for two

different assumed reservoir conditions: (l) both El Capitan and San

Vicente Resei^oirs initially full, and (2) El Capitan Reservoir one-half

full and San Vicente Reservoir two-thirds full initially.

Backwater Curve Computations

By use of Equation (9) in Appendix B, backwater curves were com-

puted for discharges ranging from 6o,000 to 20,000 cubic feet per second

for the lower reaches and 37^000 to 5^000 cubic feet per second for the

upper reaches of the San Diego River under investigation. A total of 89

cross sections were selected on the 19-mile- long reaches of the San Diego

River and San Vicente Creek. The distance between cross sections varied

from about 100 feet to about U,100 feet, with the average distance being

about 1,050 feet. The roughness coefficient, n, in the Manning formula

varied from .028 to .070. The energy coefficient, oC, varied from 1.00 to

loUO, with the average being about 1.10.

The use of the standard step method of backwater computations

requires the establishment of an initial water-surface elevation at the

beginning of calculations. The initial water- surface elevation in the

vicinity of the Old Mission Dam in Mission Gorge, the most downstream

point of the investigational area, was established by a relationship

derived from data published in U. S. Geological Survey Water Supply
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Paper h26. These data for floods of February 11, 1915, and January 27,

1916, are shown in columns (l) through (5) of Table k.

TABLE k

STAGE-DISCHARGE RELATIONSHIP FOR SAM DIEGO RIVER FOR

FLOODS OF 1915 AND I916 AT MISSION GORGE
JUST ABOVE OLD MISSION DAM



h, and hg " eunount of backwater for conditions (l) and (2),
in feet

Q, and Qp * discharge for conditions (l) and (2), in cubic
feet per second

By assuming the amount of backwater and the discharge for the flood of

January 2T, 1916, as condition (l) and substituting, equation (l) becomes:

if -("^y (^)

As flow at this point on the San Diego River is subcritical,

the initial water-surface elevation in all cases was found by calculating

hg for a given discharge Qg and eidding this amount of backwater to the

normal water- surface elevation for the given discharge. The normal water-

surface elevation was found by trial and error solution of the Manning

formula with the slope of the hydraulic grade line equal to the slope of

the streambed.

Stage-Discharge Curves

As stated, backwater curves were computed for various discharges

spanning the range of flood peaks presented in Tables 2 and 3« From the

results of these backwater curve computations, state-discharge curves were

plotted at selected points along the San Diego River. Typical stage-

discharge curves for San Diego River near Old Mission Dam in Mission Gtorge

ana near Lakeside are shown on Figure C-9. These curves were then used

to determine the stage at selected locations for the computed peak dis-

charges presented in Tables 2 and 3«

Water-Surface Profiles

From the peak discharges presented in Tables 2 and 3 and the stage-

discharge curves for particular points on the stream, the water- surface
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elevations were determined and the water- surface profile drawn. A straight

line variation in the water-surface profile was assumed between any two

successive sections where the stage-discharge relationship was derived,

A total of 79 points for the San Diego River and 10 points for San Vicente

Creek were utilized in determining the water- surface profile.

Areas of Potential Inundation

From the water-surface profiles, the elevations of the flood-

waters at any point along the river could be ascertained. Areas which

would be subject to inundation were then delineated upon topographic maps

at a scale of 1 inch equals 200 feet. For purposes of presentation in

this report, the areas of potential inundation were delineated on plates

at a scale of 1 inch equals 2,000 feet.

Condition of Reservoirs Partially Full Initially

Plates C-2A, C-2B, and C-2C show the areas of potential inunda-

tion for floods of 50- and 100-year recurrence intervals assuming El

Capitan Reservoir is one-half full and San Vicente Reservoir is two-thirds

full, initially. There is only a small difference in the areas inundated

by the 50- and 100-year flood; therefore, the lines delineating the areas

closely parallel each other. The difference in water- surface elevation

for the 50- and 100-year floods was less than one foot for almost the entire

reach of channel under the assumed conditions.

Condition of Reservoirs Full Initially

Plates C-3A, C-3B, and C-3C show the areas of potential inunda-

tion for 50- and 100-year floods, assuming that El Capitan and San Vicente
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Reservoirs are full initially. The difference in areas inundated is

more pronounced with the reservoirs initially full. The attenuating

effect of the full reservoirs is less significant. Therefore, the areas

inundated by the 100-year floods are considerably larger than the areas

inundated by the 50-year floods. The difference in water- surface eleva-

tions for the 50- and 100-year floods varied from about 3-2 feet near Old

Mission Dam in Mission Gorge to about 0.6 foot near Lakeside.

Summary of Peak Flood Discharges

A summary of the peak flood discharges for the 50- and 100-year

floods at selected locations along the San Diego River for the assumed

conditions at reservoirs full initially, and reservoirs partly full ini-

tially, is shown in Figure C-10,
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PLATE C -2C
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PLATE C-3A
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CHAPTER I. INTRODUCTION

In this appendix are presented magnitudes of peak flood flows at

selected stations along the Sweetwater River between Sweetwater Dam and

the river mouth for floods having a 50- and 100-year recurrence interval.

Areas inundated by these floods are shown on plates at the end of the

appendix

.

The methodology utilized in this appendix for reservoir and

stream channel flood routing and for backwater computations follows com-

monly used techniques as detailed in Appendix B. Water-surface profiles

thus determined were plotted on maps to indicate the areas of potential

inundation.

Scope of Investigation

The studies of the flood potential of the Sweetwater River were

directed toward producing reliable estimates of water-surface profiles for

flood peaks of 50- and 100-year recurrence intervals, and to delineate the

areas which might be inundated by these floods. The work necessary to

accomplish these objectives consisted of establishing reliable estimates

of peak flood flows, determining hydraulic properties of the flood chan-

nels at selected intervals, calculating water-surface profiles along the

approximately eight miles of floodplain from Sweetwater Dam to the river

mouth, and delineating areas of potential inundation.

Description of Area of Investigation

The Sweetwater River watershed has an area of 23O squaire miles

and lies on the western slopes of the Coast Range in San Diego County.

The river flows generally southwesterly and discharges into the Pacific
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Oceeui through San Diego Bay. Its length is approximately U5 miles, two-

thirds of which lies in the higher elevations above the community of

Jajnacha

.

The upper portion of the Sweetwater River Basin becomes more

rugged at higher elevations, but the lower portion of the basin consists

of high mesa lands and valleys. Elevations throughout the basin range

from sea level to about 600 feet in the lower portion and from about 600

to 6,500 feet in the mountains. Cuyamaca Peak, the highest point in the

basin, has an elevation of 6,515 feet. The mean normal precipitation

varies from approximately 11 inches in the lower portion to approximately

35 inches in the mountains. The extremes of discharge into Sweetwater

Reservoir have varied from no discharge to U5,500 cubic feet per second

during the flood of January I916.

There are two major reservoirs, Sweetwater Reservoir and Lake

Loveland, within the Sweetwater River watershed. Sweetwater Reservoir on

the Sweetwater River, approximately eight miles upstream from the river

mouth, with a capacity of 27,689 acre-feet, is used to store both locsil

runoff and water imported from the Colorado River through both the First

and Second San Diego Aqueducts for municipal, industrieil, and irrigation

use. Lake Loveland, also on the Sweetwater River, approximately 15 miles

upstream from Sweetwater Dam, has a capacity of 27,700 acre-feet and is

used for storage of local water for municipal, industrial, and irrigation

purposes. Both reservoirs are owned and operated by the California Water

and Telephone Company. Data pertinent to these reservoirs are listed in

Table 1.
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That portion of the Sweetwater River Basin considered for

potential flood hazards is located between Sweetwater Dam and the mouth

of the river. The City of Chula Vista and the community of Spring

VaJ-ley lie within the study area. The Sweetwater River Basin and the

area within the basin studied for possible inundation are delineated on

Plate D-1, "Boundaries of Investigational Area and Tributary Drainage

Basin for Sweetwater River."
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CHAPTER II. PEAK FLOOD FLOWS

Determination of peak flood flows at the 50- and 100-year fre-

quency level for ungaged reaches of the Sweetwater River and its tribu-

taries is discussed in this chapter. The method outlined herein combines

the use of regression equations and techniques of reservoir and river

channel flood routing. The development of the equations was discussed

in detail in Appendix A, "Regional Flood Frequency Analysis/' and the

routing techniques utilized are explained in Appendix B, "Methods and

Procedures."

Determination of Flood Discharges from Ungeiged Areas

The estimated peak discharges at selected ungaged points on the

Sweetwater River as a result of runoff emanating from areas below Sweet-

water Dam for floods of 50- and 100-year recurrence intervals are pre-

sented in Table 2. These values of discharge were determined by use of

Figures B-1 and B-2 in Appendix B.

The estimated unimpaired peak flood discharges from areas above

Lake Loveland and the areas between Lake Loveland and Sweetwater Reser-

voir were determined in the same manner as for the areas below Sweetwater

Dam. The estimated 50- and 100-year flood peaJcs for the 100-square-raile

drainage area above Lake Loveland were found to be 21,200 and 30,000

cubic feet per second, respectively. The estimated unimpaired 50- and

100-year flood peaks for the 8l-square-mile drainage area between Lake

Loveland and Sweetwater Reservoir were found to be 17,800 and 25,000

cubic feet per second, respectively.

The shape of the flood hydrograph characterized by these peaJcs

is shown on Figure B-3 and is discussed further in Appendix B.
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The flood peaks obtained from Figures B-1 and B-2 in Appendix B

are attenuated by storsige capacity available in the reservoirs, as well

as channel storage, and the resulting diminished outflows were combined

with the values shown in Table 2 to determine the total discharge at

various points.

Effect of Reservoir and Channel Storage on
Peak Flood Flows

This section shows the attenuating effect of reservoir and

channel storage on peak flood flows. The diminishing of flood peaJcs as

a result of flood flows entering reservoir storage will be discussed

first, followed by a description of the effect of channels on flood peaks.

Reservoir Flood Routing

The unimpaired floods for the drainage area above Lake Loveland

were first routed through Lake Loveland. Then, the combined hydrographs,

consisting of the routed hydrographs of the overflows from Lake Loveland

and the hydrographs of the unimpaired flows from the contributing area

between Lake Loveland and Sweetwater Reservoirs for 50- and 100-year fre-

quency intervals, were routed through Sweetwater Reservoir. Two initial

reservoir conditions were assumed: (l) Sweetwater and Lake Loveland

Reservoirs one-half full, and (2) both reservoirs full.

Lake Loveland . Utilizing the storage capacity curve and the

spillway discharge curve for Lake Loveland as shown on Figure D-1, flood

flows for the 50- and 100-year recurrence intervEils were routed through

the reservoir. As stated, this was done assuming two initial reservoir

conditions: one-half full (13,850 acre-feet) and full (27,700 acre-feet).
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With the reservoir full initially, the flood peaks for the in-

flow and outflow hydrographs at the 100-year recurrence interval are

approximately 30,000 and 28,950 cubic feet per second, resi)ectively, with

a leig of about one hour between the peaks . At the 50-yea-r flood recur-

rence interval, the flood peaks are approximately 21,200 and 20,^50 cubic

feet per second, respectively, with a lag of about one hour between the

peaks. The results of routing the flood flows with the reservoir full

initially are presented on Figure D-2.

With the reservoir assumed to be one-half full initially, the

flood peaks for the inflow and outflow hydrographs at the 100-year recur-

rence interval are approximately 30»000 and 2U,900 cubic feet per second,

respectively, with a leig of about four hours between the peaks . At the

50-year recurrence interval, the flood peaks are approximately 21,200

and 15,000 cubic feet per second for the inflow and outflow hydrographs,

respectively, with a lag of about six hours between the peaks. The results

of routing with the reservoir one-half full initieilly are depicted graphi-

cally on Figure D-3.

Sweetwater Reservoir . Utilizing the storage capacity curve and

the spillway discharge curve for Sweetwater Reservoir as shown on Figure "D-k,

flood flows at the 50- and 100-year recurrence internals were routed through

the reservoir. The routed flood flows are the combined hydrograph of the

routed overflows from Lake Loveland and the hydrographs of the contributing

areas between Lake Loveland and Sweetwater Reservoirs. Routing was based

on two initial storage conditions at Sweetwater Reservoir: one-half full

(13,850 acre-feet) and full (27,700 acre-feet).
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With the reservoir full initially, the flood peaks for the in-

flow and outflow hydrographs at the 100-year recurrence interval are

approximately ^+8,500 euxd ^5,300 cubic feet per second, respectively, with

a lag of ahout two hours between the peaks. At the 50-year flood recur-

rence interval, the flood peaks are approximately 3^>500 and 33^000 cubic

feet per second for the inflow and outflow hydrographs, respectively,

with a laig of about three hours between the peaks. Results of routing

with the reservoir full initiaJ.ly are presented on Figure D-5.

With the reservoir assumed to be one-half full initially, the

flood peaks for the inflow and outflow hydrographs at the 100-year recur-

rence interval are approximately 38>800 and 35^800 cubic feet per second,

respectively, with a laig of about three hours between the peaks. At the

50-year recurrence interval, the flood peaks are approximately 2U,100

and 20,000 cubic feet per second for the inflow and outflow hydrographs,

respectively, with a lag of about four hours between the peaks. Results

of routing with the reservoir one-half full initially are depicted graph-

ically on Figure D-6.

Stream Flood Routing

By utilization of the method described in Appendix B, the out-

flows from Lake Loveland were routed downstream to Sweetwater Reservoir.

The hydrographs of the routed discharges were combined with the hydro-

graphs of the floods from contributing areas between Lake Loveland and

Sweetwater Reservoirs to determine the inflow hydrographs to Sweetwater

Reservoir. The outflows from Sweetwater Reservoir were routed down-

streeum, considering the flows from the contributing areas, to develop

hydrographs at the mouth of the river.
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The travel time, T, between Lake Loveland and Sweetwater Reser-

voir was estimated by calculating the weighted ipean velocity for the

entire reach, as described following. As an initial step, three repre-

sentative cross sections were selected for the reach between the two

reservoirs. The normal depth and mean velocity were computed at each

cross section based upon a 100-year peak discharge, average bed slope,

and a value of 0.035 for n, the roughness coefficient in the Manning

equation. The computed mean velocities were then weighted according to

the estimated length of the reach represented by each cross section.

The average of the weighted velocities, 13.^+ feet per second, was used to

estimate the value of the travel time, T, with a resulting value of two

hours for T. The travel time, T, for the reach between Sweetwater Deun

and the mouth of the river was also determined by estimating the velocity

of the flood wave. The velocity of the flood wave for the reach was

assumed to be the average of the velocities determined in the backwater

computations, as discussed in Appendix B, for discharges of 55,000,

U5,000, and 30,000 cubic feet per second. A velocity of eight feet per

second was used with a resulting value of l.^i- hours for T.

By utilizing a value of T of l.k hours in Equation 7 of Appen-

dix B and a routing period, t, of one hour, the outflow hydrographs were

generated at the mouth of the river.

Determination of Total Peak Flood Flows

The peak flood flows at each selected point along the reach of

the Sweetwater River under study, namely, that portion downstream from

Sweetwater Dam, were determined by combining flood hydrographs of the
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routed overflovs from Sweetwater Reservoir with the hydrographs of flows

from the contributing area below the reservoir.

The combined hydrographs for 50- and 100-yeax floods, with res-

ervoirs initially full, at the confluence of Sweetwater River and Rice

Canyon, are depicted on Figures D-7 and D-8. The hydrographs at the mouth

of the river are shown on Figures D-9 and D-10.

The combined hydrographs for 50- and lOO-yesir floods, with res-

ervoirs one-half full initially, at the confluence of Sweetwater River

and Rice Canyon, are shown on Figures D-11 auid D-12. The hydrographs at

the mouth of the river are illustrated on Figures D-13 and D-li^.

In Tables 3 and h, the peak discharges are summarized for 50-

and 100-year floods at selected locations along the Sweetwater River

downstream from Sweetwater Dam for the assumed condition of reservoirs

full and one-half full initially. It will be noted that the partial dis-

charges tabulated for each area contributing to the peak discharge are

the discharges taken from the individual hydrographs directly below the

maximum discharge on the combined hydrograph, and that this value may

not be the maximum discharge for the smaller hydrographs due to the in-

fluence of lag time.
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TABLE 3

ESTIMATED TOTAL PEAK FLOOD DISCHARGES FOR SELECTED LOCATIONS ON THE
SVffiETWATER RIVER, ASSUMING PULL RESERVOIR CONDITIONS

In cubic feet per second

Location

Routed : Flood dis-
spills : charges from
from : area below

Sweetwater : Sweetwater
Reservoir : Reservoir

Total peak
discharges

50-year Flood

At U. S. Highway 101 Bridge

Approx. 800 feet upstreajn from
intersection of Valley Road
and Sweetwater Road

Confluence of Rice Canyon and
Sweetwater River

Approx. 700 feet upstream from inter-
section of Bonita Road and Otay
Lakes Road

Approx. 2,100 feet downstream from
Sweetwater Dam



TABLE h

ESTIMATED TOTAL PEAK FLOOD DISCHARGES FOR SELECTED LOCATIONS ON THE
SWEETWATER RIVER, ASSUMING ONE-HALF RJLL RESERVOIR CONDITIONS

In cubic feet per second
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CHAPTER III, AREAS OF POTENTIAL INUNDATION

This chapter describes the final step in the study—determination

of the areas of potential inundation along the Sweetwater River from

Sweetwater Dam to the river mouth for 50- and lOO-year floods. The study

was conducted for two different assumed reservoir conditions: (l) both

Lake Loveland and Sweetwater Reservoirs initisilly full, and (2) both Lake

Loveland and Sweetwater Reservoirs one-half full initially.

Backwater Curve Computations

By use of Equation 9 in Appendix B, backwater curves were com-

puted for discharges ranging from 55^000 to 8,000 cubic feet per second

for the eight-mile-long reach of the Sweetwater River under investigation

(between Sweetwater Dam and the river mouth). This range of discharges

included the flood peaks presented in Tables 3 and k, A total of 31 cross

sections were selected. The distance between cross sections varied from

about 600 feet to about 2, 800 feet, with the average distance being about

1,14-50 feet. The roughness coefficient, n, in the Manning formila varied

from 0.026 to 0.055. The energy coefficient, oC, varied from 1.0 to 1.3,

with the average being about 1.1.

Use of the standard step method of backwater computations re-

quires the establishment of an initial water-surface elevation at the

beginning of calculations. The water-surface elevation in San Diego Bay

just downstream of Highway 101 Bridge was assumed to be three feet above

mean sea level. This assumption was based on the mean of the higher high

water above mean sea level for the months of October, November, December,

January, February, and March, as published in the 1962 Tide Tables by the
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U. S. Coast and Geodetic Survey. Backvater computations were then carried

upstream based on a water surface of three feet above mean sea level just

downstream of Highway 101 Bridge.

Stage-Discharge Curves

As stated, backwater curves were computed for discharges ranging

from 55>0O0 to 8,000 cubic feet per second for the reaches under consider-

ation. From the resvilts of these backwater cujrve computations, stage-

discharge curves were plotted at selected points along the Sweetwater

River. Typical stage-discharge curves for the Sweetwater River near the

intersection of Valley Roeid and Sweetwater Road, and approximately 0.6 mile

downstream from Sweetwater Dam, are shown on Figure 15. These curves were

then used to determine the stage at selected points for the computed peak

discharge shown in Tables 3 and k,

Water-Surface Profiles

From the peak discharges presented in Tables k and 5 and the

stage-discharge curves for particular points on the stream, the water-

surface elevations were determined and the water- surface profiles drawn.

A straight line variation in the water-surface profile was assumed between

any two successive sections where the stage-discharge relationship was de-

rived. A total of 31 points along the Sweetwater River below Sweetwater

Dam were utilized in determining the water- surface profile.

Areas of Potential Inundation

From the water- surface profiles, the elevations of the flood-

waters at any point along the river could be ascertained. Areas which

would be subject to inundation were then delineated upon topographic maps
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at a scale of 1 inch equals 200 feet. For purposes of presentation in

this report, the areas of potential inundation were delineated on plates

at a scale of 1 inch equals 2,000 feet.

Condition of Reservoirs One-Half Full Initially

The areas of potential inundation for a flood of 100-year recur-

rence interval, assuming both Lake Loveland and Sweetwater Reservoirs are

one-half full initially, are illustrated on Plate D-2. The area of poten-

tisil inundation for a flood of 50-year recurrence interval is not shown

since the area closely parallels the area delineated for the 100-year flood.

The average difference of depth of flow between a 50- and 100-year flood was

1.8 feet for the entire reach.

Condition of Reservoirs Full Initially

The areas of potential inundation for 50- and 100-year floods, as-

suming Lake Loveland and Sweetwater Reservoirs are full initially, are shown

on Plate D-3« Although the 100-year flood is considerably larger than the

50-year flood and the attenuating effect of the full reservoirs is less sig-

nificant than the resezvoirs one-half full initially, the areas inundated by

50- and 100-year floods closely parallel each other. This small difference

in depth, an average difference of one foot for the entire reach, is attri-

buted to a large extent to the wide uniform channels of the Sweetwater River,

Summary of Peak Flood Discharges

A summary of the peak flood discharges for the 50- and 100-year

floods at selected locations along the Sweetwater River for the assumed con-

ditions of reservoirs full initially and reservoirs one-half full initially

is shown in Figure D-l6,
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CHAPTER I. INTRODUCTION

Magnitudes of peak flood flows at selected stations along the

Otay River between Savage Dam (Lower Otay Dam) and the river mouth for

flood peaks having a 50- and 100-year recurrence interval are discussed in

this appendix. Maps illustrating areas inundated by these floods are pre-

sented at the end of the appendix.

The methodology utilized in this appendix for reservoir and

stream channel flood routing and for backwater computations follows com-

monly used techniques as described in detail in Appendix B. Water-surface

profiles thus determined were plotted on maps to indicate the areas of poten-

tial inundation.

Scope of Investigation

The studies of the flood potential of the Otay River were directed

toward producing reliable estimates of water- surface profiles for flood

peaks of 50- and lOO-year recurrence intervals, and to delineate the areas

which might be inundated by these floods. The work necessary to accomplish

these objectives consisted of establishing reliable estimates of peak flood

flows, determining hydraulic properties of the flood channels at selected

intervals, calculating water-surface profiles along the approximately 12

miles of floodplain from Savage Dam to the Otay River mouth, and deline-

ating areas of potential inundation.

Description of Area of Investigation

The Otay River watershed has an area of ikd square miles and

lies on the western slopes of the Coast Range, partially separating the
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watersheds of the Tia Juana and Sweetwater Rivers. The river flows gen-

erally southwesterly and discharges into the Pacific Ocean through San

Diego Bay. Its length is approximately 2k miles, half of which lies in

the higher elevations above Lower Otay Reservoir.

The upper portion of the Otay River Basin becomes more rugged at

higher elevations, but the lower portion of the basin consists of high mesa

lands and valleys. Elevations throughout the basin range from sea level to

about 500 feet in the lower portion and from about 500 to 3^250 feet in the

mountains. The mean annual precipitation varies from approximately 11 inches

in the lower portion to approximately 20 inches in the mountains. The ex-

tremes of discharge into Lower Otay Reservoir have varied from no discharge

to 37,^+00 cubic feet per second at the time of the January I916 flood.

There are two major reservoirs, Upper Otay and Lower Otay Reser-

voirs, within the Otay River watershed. Upper Otay Reservoir on Proctor

Valley Creek, a tributary of the Otay River, with a capacity of 2,825 acre-

feet is used to store local water for municipal purposes. Lower Otay

Reservoir on the Otay River, with a capacity of 5^,326 acre-feet, is used

to store local water and water imported from the Colorado River through

the Second San Diego Aqueduct. Both reservoirs are owned and operated by

the City of San Diego for municipal purposes.

The reach of the Otay River Basin considered for potential flood

hazards is that portion from Savage Dam to the river mouth. The communi-

ties of Otay and Palm City and the City of Imperial Beach lie within the

study area. The Otay River Basin and the area of investigation are deline-

ated on Plate E-1, "Boundaries of Investigational Area and Tributary

Drainage Basin for Otay River."
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CHAPTER II. PEAK FLOOD FL0V7S

Determination of peak flood flows at the 50- and 100-year fre-

quency level for ungaged reaches of the Otay River and its tributaries

is presented in this chapter. The method outlined herein combined the

use of regression equations and techniques of reservoir and river channel

flood routing. The development of the equations was discussed in detail

in Appendix A, "Regional Flood Frequency Analysis," and the routing tech-

niques utilized are explained in Appendix B, "Methods and Procedures."

Determination of Flood Discharges from Ungaged Areas

The estimated peak discharges at selected ungaged points on the

Otay River, as a result of runoff emanating from areas below Savage Dam

for floods of 50- and lOO-year recurrence intervals, are presented in

Table 1. These values of discharge were determined by use of Figures B-1

and B-2 in Appendix B.

The estimated unimpaired peak flood discharges from areas above

Lower and Upper Otay Reservoirs were determined in the same manner as for

the areas below the reservoirs. The estimated 50- and lOO-year flood

peaks for the 86- square-mile drainage area above Lower Otay Reservoir

were found to be l6,U00 and 22,200 cubic feet per second, respectively.

The estimated 50- and lOO-year flood peaks for the 13- square-mile drain-

age area above Upper Otay Reservoir were found to be 5*200 and 7*000 cubic

feet per second, respectively.

The shape of the flood hydrograph characterized by these peaks

is shown on Figure B-3 and is discussed further in Appendix B.
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These flood peaks obtained from Figures B-1 and B-2 in

Appendix B are attenuated by storage capacity available in the reservoirs,

as well as channel storage, and the resulting diminished outflow was com-

bined with the values shown in Table 1 to determine the total discharge at

various points.

Effect of Reservoir and Channel Storage on
Peak Flood Flows

This section shows the attenuating effect of reservoir and chan-

nel storage on peak flood flows. The reduction of flood peaks as a result

of flood flows entering reservoir storage will be discussed first, followed

by a description of the effect of channels on flood peaks.

Reservoir Flood Routing

The derived 50- and 100-year flood hydrographs were routed

through Upper and Lower Otay Reservoirs. Two initial reservoir conditions

were assumed: (l) Upper and Lower Otay Reservoirs one-half full; and

(2) both reservoirs full.

Upper Otay Reservoir » Utilizing the storage capacity curve and

the spillway discharge curve for Upper Otay Reservoir as shown on

Figure E-1, flood flows for the 50- and 100-year recurrence intervals

were routed through the reservoir. As stated, this was done assuming two

initial conditions at Upper Otay Reservoir: one-half full (l,4l2 acre-feet)

and full (2,825 acre-feet).

With the reservoir full initially, the flood peaks for the inflow

and outflow hydrographs at the 100-year recurrence intejrval are 7)000 and

6,600 cubic feet per second, respectively, with a lag of about one hour
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between the peaks. At the 50-year flood recurrence interval the flood

peaks are approximately 5>200 and ^^,750 cubic feet per second for the

inflow and outflow hydrographs, respectively, with a lag of about two

hours between the peaks. The inflow and outflow hydrographs for these

conditions are illustrated on Figure E-2.

When the reservoir is assumed to be one-half full initially,

the flood peaks for the inflow and outflow hydrographs at the 100-year

recurrence interval are 7>000 and 6,14-00 cubic feet per second, respec-

tively, with a lag of about two hours between the peaks. At the 50-year

flood recurrence interval the flood peaks are approximately 5^200 and

4,300 cubic feet per second for the inflow and outflow hydrographs, re-

spectively, with a lag of about four hours between the peaks. These

hydrographs are depicted on Figure E-3-

Lower Otay Reservoir . Utilizing the storage capacity cuirve and

the spillway discharge curve for Lower Otay Reservoir as shown on Figure E-U,

flood flows for the 50- and 100-year recurrence intervals were routed

through the reservoir. The flood flows into Lower Otay Reservoir are the

combined flows for the tributary areas between Lower and Upper Otay Reser-

voirs and the routed outflows from Upper Otay Reservoir. As stated, this

was done assuming two initial reservoir conditions at Lower Otay Reservoir:

one-half full (28,163 acre-feet) and full (56,326 acre-feet).

With the reservoir full initially, the flood peaks for the inflow

and outflow hydrographs at the 100-year recurrence interval are 28,U00 and

23,250 cubic feet per second, respectively, with a lag of about four hours

between the peaks. At the 50-year flood recurrence interval the flood
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peaks are approximately 20,700 and l6,600 cubic feet per second for the

inflow and outflow hydrographs, respectively, with a la^ of about five

hours between the peaks. Results of routing with the reservoir full

initially are presented on Figure E-5-

When the reservoir is assumed to be one-half full initially,

the peak outflow at the 100-year recurrence interval was 9, 400 cubic feet

per second, with a lag of about 17 hours between hydrograph peaks. For a

50-year flood, the peak outflow was only 3^000 cubic feet per second, with

a lag of about 35 hours between hydrograph peaks. The inflow and outflow

hydrographs for these conditions are shown on Figure E-6.

Stream Flood Routing

By utilization of the method described in Appendix B, the hydro-

graphs from Lower Otay Reservoir were routed downstream to develop hydro-

graphs at the river mouth.

The travel time, T, for the reach between Savage Dam and the

mouth of the river was determined by estimating the velocity of the flood

wave. The velocity of the flood wave for the reach was assumed to be the

average of the velocities determined in the backwater computations for

discharges of 35,000, 25,000 and 15,000 cubic feet per second. A velocity

of 7*6 feet per second was used with a resulting value of 2.3 hours for T.

By utilizing the value of T of 2.3 hours in Equation (7) of

Appendix B and a routing period, t, of one hour, the outflow hydrographs

were generated at the mouth of the river. Due to the similarity of the

hydrographs at Savage Dam and the mouth of the river, it was possible to

derive the hydrographs at river mile 6.5 by interpolation.
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Determination of Total Peak Flood Flows

The peak flood flows at each selected point along the reach of

the Otay River under study, namely, that portion downstreajn from Savage

Dam, were determined by combining flood hydrographs of the routed overflows

from Lower Otay Reservoir with the hydrographs of flows from the contri-

buting area below the reservoir.

The combined hydrographs at stream mile 6.5 on the Otay River for

50- and 100-year floods, with reservoirs initially full, axe depicted on

Figures E-7 and E-8. The hydrographs at the mouth of the Otay River are

shown on Figures E-9 and E-IO.

For the initial condition where the reservoirs are one-half full,

the spill from the reservoirs, except for the 100-year flood at stream

mile 6. 5 J did not add to the peak because of the considerable time lag

between the earlier peak flow from the tributary areas below Lower Otay

Reservoir and the subsequent peak reservoir spill. The peak discharge,

therefore, was the discharge determined for the tributary area below the

reservoir, which corresponds to the values shown in Table 1. The peak

discharge for a 100-year flood at stream mile 6-5 'was the discharge from

the combined hydrograph. The flood hydrographs at stream mile 6.5 on the

Otay River for 5O- and 100-year floods, respectively, with reservoirs one-

half full initially, are illustrated on Figures E-11 and E-12. The flood

hydrographs for the mouth of the Otay River for 50- and 100-year floods,

respectively, with reservoirs one-half full initially, are shown on

Figures E-I3 and E-lU.

In Table 2, peak discharges are summarized for 50- and 100-year

floods at selected points along the Otay River downstream from Savage Dam
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TABLE 2

ESTIMATED TOTAL PEAK FLOOD DISCHARGES FOR SELECTED LOCATIONS ON
THE OTAY RIVER, ASSUMING FULL RESERVOIR CONDITIONS

In cubic feet per second

Location



for the assumed condition of reservoirs full initially. It will be noted

that the partial discharges tabulated for each area contributing to the

peak discharge are the discharges taken from the individual hydrographs

directly below the maximum discharge on the combined hydrograph, and that

this value may not be the maximum discharge for the smaller hydrographs

due to the influence of lag time.
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CHAPTER III. AREAS OF POTENTIAL INUNDATION

This chapter describes the final step in the study- -determina-

tion of the areas of potential inundation along the Otay River from

Savage Dam (Lower Otay Reservoir) to the river mouth for 50-and 100-year

floods. The study was conducted for two different assumed reservoir con-

ditions: (l) hoth Upper Otay and Lower Otay Reservoirs initially full,

and (2) both Upper Otay and Lower Otay Reservoirs one -half full

initially.

Backwater Curve Computations

By use of Equation 9 in Appendix B, backwater curves were com-

puted for discharges ranging from 35,000 to 5,000 cubic feet per second

for the reach of the Otay River under investigation (between Savage Dam

and the river mouth). This range of discharges included the flood peaks

presented in Tables 1 and 2. A total of Ul cross sections were selected

on the 11-mile-long reach of the Otay River. The distance between cross

sections varied from about i4-00 to about 2,600 feet, with the average dis-

tance being about l,'+50 feet. The roughness coefficient, n, in the

Manning formula, varied from O.O3O to 0.0U5. The energy coefficient, o(,

varied from 1.0 to I.9, with the average being about 1.2.

For approximately six miles of the Otay River just downstream

from Savage Dam, cross sections were obtained from U. S. Geological

Survey 7.5 minute quadrangle sheets due to the unavailability of large-

scale topographic maps

.

In certain portions of the river, the flows were found to be

supercritical due to the steep channel slope. In these locations, the
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backwater curves were computed by assuming critical depth at the upstreeun

break in slope. A straight line variation in water surface was assumed

between the breaks in slopes. In the uppermost reaches between Savage

Dam and approximately two miles downstream from Savage Dam, the flow was

in the supercritical region and was assumed to be at normal depth, as

discussed in Appendix B.

Use of the standard step method of backwater computations re-

quires the establishment of an initial water-surface elevation at the

beginning of calculations. The backwater computations were carried up-

streajn from Montgomery Freeway Bridge, approximately two miles upstresun

from San Diego Bay, by assuming the water-surface elevation immediately

downstream of the bridge to be at critical depth (no backwater). Between

the bridge and the bay, the river crosses a wide flat area which has no

definite channel section. It was assumed that the flat area adjacent to

the bay would not create a backwater effect downstreaon of the bridge.

The effect of backwater due to the bridge was considered to establish

the water-surface elevation upstream of the bridge. Backwater computa-

tions were then carried upstreeun as stated, starting from the upstream

water-surface elevation at the bridge section.

Stage-Discharge Curves

As stated, backwater curves were computed for discharges rang-

ing from 35,000 to 5,000 cubic feet per second for the reach under invest-

igation. Stage-discharge curves were plotted at selected points along

the Otay River from the results of the backwater curve computations.

Typical stage -discharge curves for the Otay Eiver approximately 2,000
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feet upstream from the National Avenue Bridge and approximately 6.5 miles

upstream from the river mouth are shown on Figure E-15. These curves were

then used to determine the stage at selected points for the computed peak

discharge as shown in Tables 1 and 2.

Water -Surface Profiles

From the peak discharges presented in Tables 1 and 2 and the

stage -discharge curves for particular points on the stream, the water-

surface elevations were determined and the water-surface profiles drawn.

A straight line variation in the water-surface profiles was assumed be-

tween any two successive sections where the stage-discharge relationship

was derived. A total of kl points along the Otay River below Savage Dam

were utilized in determining the water-surface profiles.

Areas of Potential Inundation

Prom the water-surface profiles, the elevations of the flood

waters at any point along the river could be ascertained. Areas which

would be subject to inundation were then delineated upon topographic maps

at a scale of 1 inch equals 200 feet, for all but six miles of river chan-

nel. For the remainder of the river, and for purposes of presentation in

this report, the areas of potential inundation were delineated on plates

at a scale of 1 inch equals 2,000 feet.

Condition of Reservoirs One-Half Full Initially

The areas of potential inundation for a flood of lOO-year recur-

rence interval, assuming both Upper Otay and Lower Otay Reservoirs are

one-half full initially, are illustrated on Plates E-2A and 2B. For the
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flood of 50-year recurrence interval (not shovn) the area inundated

closely parallels the lines delineated for the 100-year flood. The aver-

age difference in depth of flow between a 50- and a 100-year flood was

about 1.3 feet for the entire reach.

Condition of Reservoirs Full Initially

The areas of potential inundation for 50- and 100-year floods,

assuming Upper Otay and Lower Otay Reservoirs are full initially, are

shown on Plates E-3A and 3B. Although the lOO-year flood is considerably

larger than the 50-year flood and the attenuating effect of the full

reservoir is less significant, the areas inuundated by a 5O- and lOO-year

flood closely parallel each other. This small difference in depth, an

average difference of about I.3 feet for the entire reach, can be attrib-

uted to a large extent to the wide uniform channels in all but the extreme

upper reaches.

Summary of Peak Flood Discharges

A summary of the peak flood discharges for the 5O- and lOO-year

floods at selected locations along the Otay River for the assumed condi-

tions of reservoirs full initially and reservoirs one-half full initially,

is shown in Figure E-I6.
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FIGURE E-16
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INTRODUCTION

Purpose and Scope

This report (Appendix F to State of California Department of Water Resources

Bulletin 112 - San Diego County Flood Hazard Investigation) is part of a project

to investigate the flood hazard along flood plains of the five major rivers in

San Diego County, California (fig. 1). The purpose of this report is to pro-

vide information on the flood hazard along the San Dieguito River. Similar

reports are being prepared for the San Luis Rey River, San Diego River, Otay

River, and Sweetwater River.

There were two basic parts to this study. The first was the determination

of peak discharge at key sites along the river for floods of two selected fre-

quencies, namely, the 50-*year flood and 100-year flood. As us^d in this report,

a 50-year flood is defined as a flood with a 2 pero^jnt probability of being

equaled or exceeded in any year. A 100-year flood is similarly defined as

having a 1 percent probability of being equaled or exceeded in any year. Res-

ervoir flood routing methods were used to determine the effect of existing

reservoirs in attenuating the peak discharge of these hypothetical floods. The

second part was the determination of the water-surface profile for both floods

using topographic data from field surveys and large-scale county maps. The

surface-water profiles were used to define areas of potential inundption.

The report is a source of flood information that provides a basis for

establishing criteria to control encroachment on the San Dieguito River flood

plain. Areas subject to periodic inundation are delineated on 7^ minute quad-

rangle maps included with this report.

The data and computations upon which this report is based are available

in the files of the U=S. Geological Survey, Menlo Park, California. The

study was made under the general direction of Walter Hofmann, district engineer,

in charge of surface-water investigations in California, with technical assistance

by S. E. Rantz.
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Description of the Area

The San Dieguito River system lies in the central part of San Diego County

with headwaters in the Volcan Mountains on the western slope of the Coast

Range. The main stem of the river, which is formed by the confluence of Santa

Ysabel and Santa Maria Creeks in the vicinity of San Pasqual, flows westward

through San Pasqual Valley and discharges into the Pacific Ocean at the city of

Del Mar., Total stream length is about 53 miles and maximum width of drainage

basin is about 15 miles. The drainage area of the San Dieguito River basin is

approximately 346 square miles. It is bounded on the north by San Luis Rey

River basin and on the south by the San Diego River basin. Altitudes in the

basin range from near sea level on the west to about 5,700 feet above sea level

at the eastern drainage divide. The basin has very few trees, the principal

cover being grass and brush. The mean annual rainfall varies from 10 inches

along the foothills to slightly more than 30 inches on the mountain slopes.

PEAK FLOOD FLOWS

Regional Flood Frequency

A regional flood-frequency analysis to define the relation between the

magnitude and frequency of momentary annual peak flows of streams in the project

-3-



area was made by the California Department of Water Resources and reviewed by

the Geological Survey. The regional concept of flood-frequency analysis was

adapted because flood-frequency relations derived from the combined experience

of a number of gaging stations in a homogeneous area are considered more

reliable than those based on records for individual gaging stations, partic-

ularly those with short records. The flood series for any single gaging

station is a random sample, and may not be representative of the long-term

average distribution of flood events. A regional analysis defines relation-

ships that are applicable to drainage areas of various sizes within a hydro-

logically homogeneous region^ The techniques employed are only briefly dis-

cussed here as they are explained in detail in Appendix A to State Bulletin

112.

Analytical Techniques

In a regional analysis of flood-frequency, it is essential that only the

flood records for streams whose peak discharge was unaffected by man-made

storage or diversion be used. Furthermore, a common length of record, or base

period of years, must be used for all gaging stations. Reliability of the

analysis depends on the length of the base period as well as on the accuracy

of the records. Consequently, the longest base period possible was selected

within the period of record of the earliest stations established. The base

period chosen was the 55-year period, 1906-60. It was possible to extrap-

olate the flood-frequency curves beyond the base period because of the avail-

ability of qualitative historical records of major floods that occurred prior

to 1906.

The methods of tabulating flood data commonly used in flood magnitude-

frequency analyses are (1) the annual flood series, and (2) the partial-

duration series. The annual series of flood peaks is used in preference to

the partial-duration series. Although the partial-duration series is appli-
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cable to flood mapping studies^ it has been shown (Dalrymple, 1950, p. 6) that

the recurrence intervals obtained by the two series approach numerical equality

for large floods. For this reasoil and because of the availability of annual

peak data, the annual flood series was used in this study.

Because a common base period is required for all stations, those stations

with records shorter than the base period required an estimate of the missing

annual peak discharges. These estimates for the stations with short records

were made by graphical logarithmic correlation with records for long-term

stations that were in operation throughout the base period. In addition to

records within the project area, records for nearby stations outside the area

were utilized in developing the frequency analysis.

Method of Analysis

The method most commonly used by the Geological Survey in a regional

flood-frequency analysis is the index-flood method (Benson, 1962, p. 16).

Essentially this method consists of two major steps. The first is the devel-

opment of basic dimensionless frequency curves representing* the ratio of the

flood of any frequency to an index flood (generally the mean annual flood)

.

The second step is the development of relations between hydrologic char-

acteristics of drainage areas and the mean annual flood, so that the mean

annual flood at any point within the region can be defined. By combining the

mean annual flood obtained from the developed relations, with the dimensionless

frequency curves, it is then possible to develop a frequency curve for any

location.

In a semi-arid region the index-flood method may be inadequate to

estimate large flood peaks on the basis of the mean annual flood. This is

particularly true of large basins where the mean annual flood may often result

from a storm that affects only a part of the basin. An alternate approach

(Benson, 1962, p. 20) is a method in which peak flows at selected recurrence



intervals are related to hydrologic and physiographic characteristics of the

basin by multiple-correlation techniques. This obviates the need of utilizing

an index flood, as individual regression equations are derived for each recur-

rence interval considered. A series of significant drainage basin parameters

were tested for their relative significance in predicting flood flows.

Briefly, the equations relating the T-year (any recurrence interval) peak

discharge, Qx^ to various basin parameters, have the general form:

QX = a B^C'^D'^ —
where

B, C, D, — are the independent variables (basin parameters),

a, b, c, d, --- are constants of the regression equation.

In the project area, it was found that the multiple-correlation technique

of flood-frequency analysis gave more satisfactory results than the index-

flood method; therefore the multiple correlation technique was used in this

study. After several combinations of basin characteristics were analyzed by

multiple regression analyses, those most significant for defining the 50- and

100-year floods for streams in the project area were found to be:

Q50 = 1016 A-59 sh-'^^

and

QlOO = 1288 A-^° Sh"-57

where

Q50 is the 50-year flood discharge, in cubic feet per second

QlOO is the 100-year flood discharge, in cubic feet per second

A is the drainage area, in square miles

Sh is a dimensionless basin shape factor.

The shape factor is defined as:

Sh = d/1
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where

d = diameter J in miles ^ of a circle with an area equal to the basin area

1 = length, in miles, of the drainage basin measured parallel to the

principal stream channel.

As a convenience to the user determining the 50- or 100-year peak discharges,

the results of the two multiple regressions are shown by a family of curves In

Appendix A. To use the curves the drainage area above the point for which

flood peaks are to be determined and the basin length parallel to the course

of the principal stream channel ard required. These values can be obtained

by planimeter and rule after outlining the appropriate basin area on a topo-

graphic map.

Routing Peak Flows

The equations of the previous paragraphs are derived from peak discharges

that occurred under natural conditons, that is, uninfluenced by man-made devel-

opments in the basin. However, there are major reservoirs in the baein. To

determine their effects on peak flows, it was first necessary to obtain a

complete hydrograph for a flood evdnt. For the San Dieguito River, as for most

rivers in San Diego County, there are few recorded hydrographs of major floods.

Therefore it was necessary to utilize flood hydrographs from other rivers in

the area. A composite dlmensionless flood hydrograph for San Diego County

was developed, based on the few available recorded flood hydrographs for all

of the major rivers in the area. This hydrograph, which has percent of peak

discharge as the ordinate and time elapsed since beginning of storm runoff as

the abscissa, is shown in figure 2.

Reservoir Routing

River flows in the San Dieguito River basin are regulated by Sutherland

Reservoir (capacity 29,680 acre-feet at spillway elevation) on Santa Ysabel

Creek in the upper basin, and by Lake Hodges (capacity 33,550 acre-feet at

spillway elevation) in the lower basin, about 12 miles upstream from the

-7-
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river moutho There are no large reservoirs on Santa Maria Greek, the other major

upstream tributary. The effect of Sutherland Reservoir and Lake Hodges on the

50- and 100-year flood peaks, has been determined by routing these two floods

for two conditions of reservoir level, (1) reservoir full at beginning of runoff,

and (2) reservoir filled to half capacity at beginning of runoff.

The routing was done by the simple reservoir-storage method (Carter and

Godfrey, 1960, p. 102) whereby the storage is assumed to be related solely to

the outflow discharge. The only data needed for this method are the inflow

hydrograph and the storage-outflow relation. The routing computations were

performed by an electronic computer at the Department of Water Resources office

in Los Angeles.

Sutherland Reservoir. —-The spillway discharge and storage capacity curves

for Sutherland Reservoir are given in figure 3o The inflow hydrograph was

obtained by using the composite flood hydrograph for the area (fig. 2) and

the peak discharges were determined from the regional flood-frequency analysis.

Results of the reservoir routing for the 50- and 100-year floods, for the full

and half-full reservoir conditions are shown in figure 4. The effect of the

reservoir on the peak discharges is summarized in table 1»

Table 1»—Peak discharges at Sutherland Reservoir

Flood Frequency and Reservoir
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Lake Hodges

.

—The Lake Hodges Inflow hydrographs were adjusted for the

effect of Sutherland Reservoir. This was done by determining the inflow between

Sutherland Reservoir and Lake Hodges and adding to it the outflow from Suther-

land Reservoir with allowance being made for time of travel. Estimates of the

time of travel were based on a knowledge of observed travel times on several

rivers. The Lake Hodges inflow hydrographs for the condition of Sutherland

Reservoir being half-full, are shown in figure 5.

No adjustment of the Lake Hodges inflow hydrographs was necessary for the

condition of Sutherland Reservoir being full at the time flood runoff begins.

For this condition peak discharges are not reduced significantly by Sutherland

Reservoir and it was believed that other approximations in the computed data

made this minor adjustment unwarranted.

The spillway discharge and storage capacity curves for Lake Hodges are

shown in figure 6. Results of the reservoir routing for the 50- and 100-year

floods, for the condition of full reservoirs at both Sutherland and Hodges are

given in figure 7, and for the condition of both reservoirs half-full in figure

8. The effect of the reservoirs on the flood peaks is summarized in table 2.

Table 2. --Peak discharges at Lake Hodges

Flood Frequency and Reservoir Condition

Peak Discharge
(cubic feet per second)

Inflow Outflow

50-year Flood
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Channel Routing

The effect of the reservoirs on peak discharges at selected locations

along Santa Ysabel Creek and San Dlegulto River was computed by the same

method used to determine the inflow to Lake Hodges. The natural inflow

between the point in question and the next reservoir upstream was computed

and added to the reservoir outflow with allowance being made for time of

travel. The results of routing the flood hydrograph between Lake Hodges

and the mouth of the San Dieguito River are shown in figure 9 and 10, as a

sample of the channel flood-routing technique.

To summarize the procedures used; First, peak discharges were determined

at selected points in the San Dieguito River basin from the regional flood-

frequency analysis. Next, peak discharges were adjusted where necessary for

the attenuation caused by reservoir storage, and last, the computed peak dis-

charges at various points along the channel were tabulated. Fifty and 100-

year peak discharges for selected locations, with antecedent storage conditions

of reservoirs full and half-full are given in table 3.
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Table 3. --Peak discharges in San Dieguito River Basin



CHANNEL HYDRAULICS AND BACKWATER COMPUTATIONS

Stream Characteristics

Beginning in 1943 and continuing to the present (1963), the San Dieguito

River watershed has experienced the most severe drought of record, and stream-

flow has been well below normal. As a result of long periods of no flow, con-

tinued vegetal growth has reduced the streamflow capacity of the main channel.

This is not critical in the narrow mountain canyons where floodflows are

confined between the canyon walls. However, along the wide coastal plain, a

flood occurring now would spread across more of the flood plain than it would

have before the reduction in the main-channel carrying capacity. Consequently,

great damage threatens agricultural, business, or residential occupany in

potential flood areas.

The purpose of this study is to delineate areas that will be inundated by

a hypothetical 50-year or 100-year flood. Hypothetical flood boundaries are

defined from water-surface profiles that are computed from channel cross

sections. Cross sections of the river channel and flood plain were taken from

large-scale maps (1 inch equals 200 feet) or obtained by field survey methods

at selected points along a reach of stream. These data comprise an essential

part of the standard step method of backwater analysis which was used to deter-

mine the resultant water-surface profiles for the 50- and 100-year floods.

The basic equation used in computing water-surface profiles is the Manning

equation which requires not only a knowledge of the channel geometry but also

an estimate of the channel roughness. The Manning equation is

Q = 1-486 ar2/3 sV2
n

where Q Is discharge, in cubic feet per second

n is coefficient of roughness

A is area, in square feet

R is hydraulic radius, in feet

S is slope of the energy line, in feet per foot
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Roughness Coefficients

The roughness coefficient, "n", used in the Manning discharge equation,

is affected primarily by the following factors: bed roughess, vegetation, channel

irregularity, channel alinement, scouring and filling, and stage.

For several years a continuing effort has been made by the Geological Survey

to widen the range of knowledge with respect to Manning's "n" or roughness

coefficient values for open channels. Indirect measurements of discharge are

made under favorable conditions, where the discharge is known. The formulas

are then used with known discharge values to compute the value of "n". These

computed "n" values serve as a guide for selecting the roughness coefficients

for similar channels. Stereo-photographs of the channels for which the "n"

values have been verified are available for photographic comparison with the

channel under study.

All roughness coefficients used In the backwater analysis were selected by

engineers of the Geological Survey. Stereo-photographs were taken to implement

field reconnaissance notes and to compare with photographs of similar channels

with verified "n" values. In the narrow, steep, canyon reaches the 50- and 100-

year floods are confined in a channel with a somewhat trapezoidal cross section,

having no appreciable flood plain. Roughness coefficients for these reaches

are fairly high, ranging from about 0.06 to as high as 0.10 where the brush,

trees, and boulders predominate.

For flood stages on the flat, wide valley floors, the main channel is

usually a very small part of the river cross section. The "n" values for these

reaches range from about 0.03 for the main channel to as high as 0.05 for the

wide flood plain with shallow depths. The "n" value for the flood plain usually

decreases rather rapidly with increase in depth to a value of about 0.03.
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Standard Step Method of Backwater Computation

The standard step method of backwater computation has been used to compute

the profiles necessairy to determine the extent of flooding by the hypothetical

floods. The data necessary for its use are:

1. Discharge for which the profile is desired.

2. A water-surface elevation at the downstream end of the desired reach.

3. The cross-sectional area and hydraulic radius at various points

along the channel for all depths of flow within the range expected.

4. The hydraulic roughness of the channel.

The discharges for the 50- and 100-year floods were obtained from the

regional flood frequency study.

Starting at the section at the downstream end of the reach, with the known

discharge and corresponding water-surface elevation, an estimate is made of the

water-surface elevation at the next section upstream. The hydraulic radius and

velocity head can then be computed at each section and the Manning equation used

to route the flow upstream, thereby obtaining a water-surface elevation at the

upstream section. If this computed elevation does not check the elevation that

was previously estimated, a new estimate is made of the water-surface elevation

and the process repeated until the estimated and computed elevations agree. This

procedure is then repeated in the next reach upstream.

Constrictions imposed on a natural river channel and flood plain usually

cause some increase in the water-surface elevation upstream. All bridges in

the reaches of river under study were investigated for their effects, if any,

on the water-surface profiles. Methods outlined in Geological Survey Circular

284 (Kindsvater and others, 1953) were used in the analyses. The water-surface

profiles were first computed using the natural channel cross sections and then

the effects of bridge constrictions were computed and the profiles adjusted

accordingly.
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The Geological Survey has developed a program for computing backwater

profiles for tranquil, gradually-varied flow, using an electronic computer.

The program is set up to compute water-surface profiles for as many as 10

different discharges at one time. Use of the computer greatly expedited the

s tudy

.

Stage-discharge Relations

San Dieguito River.—The starting point for backwater computations is a

downstream site where the stage-discharge relation is known. The stage-

discharge relation for the lower reach of the San Dieguito River is complicated

by presence of the U.S. Highway 101 bridge, the Atchison, Topeka, and Santa

Fe Railtoad bridge, the new Interstate Highway 5 bridge, which is under con-

struction at the present time, and the Del Mar racetrack complex. For this

reason, backwater computations were begun at the upstream side of the Inter-

state Highway 5 bridge rather than at the mouth of the river.

The stage-discharge relation at the site of the Highway 5 bridge, was

first determined for the unconstricted valley, by the slope-conveyance method,

then adjusted for backwater caused by the bridge constriction. The slope-

conveyance method makes use of the Manning equation which may be written in the

form, Q = KS^. The conveyance (K c= l.ih^^—AR^/2) can be computed from cross-
n

section properties. The energy slope S, is assumed to be parallel to the

channel slope for this particular computation, and can be measured in the field

or from topographic maps.

The effect of the bridge constriction on this computed stage-discharge

relation was determined and the adjusted stages were used in the standard step

method to determine the water-surface profile from the Interstate Highway 5

bridge upstream to Hodges Dam.
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The stage-discharge relation for Lake Hodges spillway was computed by use

of the weir formula:

Q = CLH3/2

where

Q is discharge, in cubic feet per second

C is an empirical coefficient

L is measured length of weir, in feet

H is measured head, in feet

This relation provided the initial water-surface elevations, used in routing

the selected discharges upstream from the lake.

Santa Maria Creek.—The starting point for backwater routing computations

on Santa Maria Creek was the Geological Survey gage near Ramona, where the

stage-discharge relation is known. This relation has been defined by current-

meter and slope-area measurements for the low to medium stages. Slope-conveyance

computations were used in extending this relation above the range defined by

the measurements

.

AREAS OF POTENTIAL INUNDATION

Water-Surface Profiles

The stage-discharge relations were used in conjunction with hydraulic

properties of the channel at cross sections located at strategic points along

the San Dieguito River system to obtain water-surfi»ce profiles. Generally,

the cross sections were located about 2,000 feet apart but the distance varied

depending on the uniformity of hydraulic properties of the particular reach

under consideration. The computed water-surface profiles were adjusted for the

effects of bridge constrictions where necessary.
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Because of the complex geometry of the San Diegulto River from its mouth

to Interstate Highway 5 bridge, it was not possible to apply the standard step

method of backwater computations in this reach of channel. A following section

entitled "Special Conditions below Interstate Highway 5 Crossing" contains a

qualitative discussion of methods used to define the extent of inundation in

this reach.

Extent of Flooding

The extent of flooding in the river basin by the 50- and 100-year peak

flows is shown on strip maps which were prepared from Geological Survey 7%

minute topographic quadrangles. Maps showing the San Dieguito River from its

mouth to the confluence of Santa Ysabel and Santa Maria Creeks are shown as

Plates 4-Al, 4-Bl, and 4-Cl for the conditions of full reservoirs at beginning

of storm runoff. Plates 4-A2, 4-B2, and 4-C2 show the same reaches of stream

for the condition of half-full reservoirs at beginning of storm runoff. The

letter designation shown in the plate numbering scheme refers to the strip map

locations shown on the Key Map on each plate and also on plate 3.

Plates 4-Dl and 4-D2 reflect the areas of potential inundation for the two

reservoir conditions, for Santa Ysabel Greek from Its mouth to the gaging station

above San Pasqual Valley-

Plate 4-El depicts the extent of potential flooding for the 50- and 100-

year peaks from the gaging station near Ramona (head of Bandy Canyon) to the

vicinity of State Highway No. 67 crossing on Hatfield Creek, the major trib-

utary^ just northeast of the city of Ramona.

Flood boundaries were determined by use of the computed water-surface

profiles and selected river cross sections. The edge of water at each end of

a particular cross section occurs where ground and water elevations coincide.

Flood boundary lines based on these points, were drawn between cross sections

by interpolation between contours and field checked. A grid of elevations to
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the nearest foot or half a foot appears on the large-scale (1 inch equals 200

feet) maps to facilitate plotting of flood boundaries between cross sections.

Special Conditions Downstream from Interstate Highway 5 Crossing

In the 7,000-foot reach of the San Dieguito River between its mouth and the

new Interstate Highway 5 crossing a complex hydraulic situation exists, which is

not adapted to the standard step method of computing water surface profiles. The

Grand Avenue bridge, Del Mar Racetrack complex, Atchison, Topeka, and Santa Fe

Railroad bridge, U.S. Highway 101 bridge and the sandbar at the mouth of the

river are all located in this reach of river and serve to complicate any hydraulic

analysis of flood flow.

Mouth of San Dieguito River,

—

-The river channel at the Pacific Ocean is

blocked by a sand bar deposited to a height of about 8 or 9 feet above mean sea

level by tidal action. Scour occurs when the sand bar is overtopped by flood-

waters but a considerable area of flood plain is usually inundated before this

action occurs.

Flood boundaries between the ocean and the Highway 101 bridge shown on

Plates 4-Al and 4-A2, reflect this condition. It is assumed that the sand bar

will be washed out rather rapidly when it is overtopped by floodwaters. For

this reason it is probable that the elevation of the floodwaters will not rise

much above the elevation of the top of the sand bar at the time the flood occurs.

The effect of the ocean tides on the water-surface elevation after the flood-

waters have overtopped and scoured out the sand bar must be considered. Owing

to the fact that the half-tide level (average of mean low and mean high tides)

is about three feet above mean sea level (from U.S.C. & G.S. data for San Diego

area tide gages) at the mouth of the San Dieguito River, it is improbable that

the elevation of the river floodwaters would exceed 8 or 9 feet, the present

elevation of the sand bar.
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The highest tide recorded along the southern California coast In recent

years is about 8 feet. If a tide of this magnitude were to occur siraultancously

with a peak discharge of 5C)- or 100-year recurrence Interval, the floodwaters

In the lower reach of river could possibly rise above the 10-foot elevation

estimated for purposes of delineating the inundated areas shown on plates ^-Al

and 4-A2. A combination of high tide and strong wind, with resultant wave action

could also cause the floodwaters to inundate more area than that indicated on the

m.ip.

U.S. Highway 101 Bridge and Road Overflow. --The effective waterway area of

the U.S. Highway 101 bridge opening has been reduced considerably by sand deposits.

Floodwaters usually produce a certain amount of scour under the bridge. An

estimate of the magnitude of this scour was made before attempting to determine

the effect of the bridge on the floodwaters. Methods outlined in Geological

Survey Circular 284 were used to determine the water-surface elevation at the

upstream side of the bridge for selected discharges. The results show that for

the 100-year flood the upstream elevation would be higher than the roadway south

of the bridge and that a section of roadway several hundred feet long would be

inundated. Further computations indicate that the 50-year flood peak would be

contained by the present river channel with only slight possibility of the

roadway being flooded.

U.S. Highway 101 Bridge to new Interstate Highway 5. —Presently situated on

the river flood plain between U.S. Highway 101 and Interstate Highway 5 are the

Atchison, Topeka and Santa Fe Railroad bridge, the Del Mar racetrack complex,

the Southern California Exposition Fairgrounds buildings, and the Grand Avenue

Bridge. Consequently, It was impossible to determine reliable water-surface

profiles in this reach by use of the electronic computer program. Water-surface

elevations were computed at points just upstream from U.S. Highway 101 bridge and

just downstream from the new Interstate Highway 5 crossing, and water-surface
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elevations shown on the maps for the intervening reach were obtained by straight-

line interpolation between the points.

Grand Avenue bridge and the railroad bridge have been damaged by at least

two previous floods and may be damaged again in the future. Plate 1 shows the

condition of the Atchison, Topeka and Santa Fe Railroad bridge during the flood

of February 1927.

To summarize briefly, the areas of potential inundation on the San Dieguito

River flood plain in the vicinity of Del Mar, shown by maps included in this

report, reflect the considered judgment of the authors of the complex hydraulic

situation that exists in this reach of the river.

HISTORICAL FLOODS IN SOUTHERN CALIFORNIA

This report would not be complete without some mention of notable floods

that occurred in the past in the San Dieguito River basin. Since 1770 flood

runoff from the Coast Ranges has been observed and records of floods are found

in a wide variety of publications. Early references to floods are found in

diaries of the Spanish Mission Fathers. Official weather observations in

southern California were begun at San Diego in 1851. The first known estimates

of flood discharges were made for a flood in 1889 on the Los Angeles River.

Available data indicate that major floods in the San Dieguito River Basin

occurred in 1825, 1833, 1862, 1867, 1884, 1891, 1916, and 1927, that the largest

and second largest floods of recent times occurred in 1916 and 1927, respectively.

The 1916 flood is considered the flood of record for the San Dieguito River.

An autobiography entitled "Memoirs of Edward Fletcher" contains the following

eye-witness account of the 1916 flood;

"The San Dieguito River north of Del Mar was a half-mile wide and

there was four feet of water -- a raging torrent — covering the present

race track site."
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Mr. Fletcher also states "that there was 3 feet of water across the entire

valley opposite Rancho Santa Fe",

Plate 1 shows the approximate area described above but depicts the flood of

1927 which occurred 11 years later.

Plate 2 shows damage caused by the 1927 flood at points along Santa Ysabel

Creek in San Pasqual Valley. This area is presently in cultivation.

The historical information and the pictures included in this report result

from a limited search made during the field investigations for this project.

SUMMARY

The flood hazard along the San Dieguito River, one of the five principal

streams in San Diego County, has been investigated using peak discharges for

hypothetical floods having 50- and 100-year recurrence intervals. These peak

discharges were determined by a regional flood-frequency analysis of streamflow

records in and adjacent to the project area. A composite dimensionless hydro-

graph, based on available recorded flood hydrographs for all major rivers in

the area, was developed and reservoir flood routing techniques utilized to

determine the amount of reservoir attenuation of the hypothetical peak dis-

charges. Two conditions of reservoir content was considered (1) all reservoirs

in the basin full at beginning of runoff, and (2) all reservoirs in the basin

half full at beginning of runoff.

The areas of the San Dieguito River flood plain that will be inundated by

floods of a 50- or 100-year magnitude and frequency are delineated on the maps

included with this report. To define these areas it was first necessary to

obtain cross-sections and channel roughness coefficients for many points. These

data were processed by the standard step method of backwater analysis to compute

the water-surface profiles for the 50- and 100-year floods. The areas of potential

inundation were delineated from these water-surface profiles for the selected floods.
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Mouth of San Dieguito River at Del Mar, Flood of Feb. 1927

San Dieguito River—View across valley from Rancho Santa Fe to Fairbanks

Ranch—River about 2 miles wide—Flood of Feb. 1927

Both pictures from;

HISTORICAL COLLECTION
TITLE INSURANCE and TRUST COMPANY

UNION TITLE OFFICE

SAN DIEGO, CALIFORNIA

GFO 96651*8





PLATE 2
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INTRODUCnON

Purpose and Scope

This report (Appendix G to State of California Department of Water Resources

Bulletin 112 - San Diego County Flood Hazard Investigation) is part of a project

to investigate the flood hazard along the flood plains of the five major rivers

in San Diego County, California (fig- 1). The purpose of this report is to

provide information on flood hazards along the San Luis Rey River. Similar

reports are being prepared for the San Dieguito River, San Diego River, Otay

River, and Sweetwater River.

There were two basic parts to this study. The first was the determination

of peak discharge at key sites along the river for floods of two selected fre-

quencies, namely, the 50-year flood and 100-year flood. As used in this report

a 50-year flood is defined as a flood with a 2-percent probability of being

equaled or exceeded in any year. A 100-year flood is similarly defined as having

a 1-percent probability of being equaled or exceeded in any year. The second

part of the study was the determination of the water-surface profile for both

floods using topographic data from field surveys and large-scale county maps.

The surface-water profiles were used to define areas of potential inundation.

The report is a sourae of flood information that provides a basis for

establishing criteria to control encroachment on the San Luis Rey River flood

plain. Areas subject to periodic inundation are delineated on 7^-minute topo-

graphic quadrangle maps that are included with this report.

The data and computations upon which this report is based are available in

the files of the U.S. Geological Survey, Menlo Park, California.

The study was made by H. A. Ray and L. E. Young, under the general direction

of Walter Hofmann, District Engineer in charge of surface-water investigations

in California, with technical assistance by S. E. Rantz.
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Description of the Area

The San Luis Rey River system drains an area comprising 565 square miles

lying wholly in the northern part of San Diego County. The area extends from the

crest of the Coast Range to the Pacific Ocean, a distance of about 65 miles, and

has a maximum drainage basin width of about 16 miles. The main stem is formed

by many small streams which rise in the higher altitudes of the Coast Range and

join at the lower or west end of what is locally known as Warners Valley. Upon

completion of a large dam at this site in 1922, Lake Henshaw (capacity 194,323

acre-feet) was formed which controls the upper 206 square miles of drainage area^

Below Lake Henshaw the river flows for about 10 miles through a deep, narrow can-

yon with a steep slope, then flows for about 40 miles over a wide sand and gravel

flood plain of medium slope and finally discharges into the Pacific Ocean at

Oceans ide.

The drainage basin above Pala consists of moderate to steep rolling terrain

and of valleys under cultivation. The more desirable valley areas are being

subjected to increased encroachment by man. The drainage basin from Pala down-

stream to the Pacific Ocean consists of gently rolling terrain and wide valley

flood plains normally under cultivation. However, considerable commercial

and residental occupancy has taken place in recent years in the lower Mission



Valley (between Mission San Luis Rey and city of Oceanslde).

In general, the entire basin is poorly forested with the greater part of

the cover being brush and grass. The mean annual precipitation on the basin

ranges from 10 inches along the foothills to more than 40 inches on the mountain

slopes

.

Large floods on streams in southern California are usually caused by masses

of warm, humid air which sweep in from the Pacific Ocean during winter storms.

Under certain meteorologic conditions, between 20 and 30 inches of rain may fall

during a storm on the higher headwaters of the river basins in southern California.

Such conditions were the cause of the large floods of 1916, 1927, and 1938.

PEAK FLOOD FLOWS

Regional Flood Frequency

A regional flood-frequency analysis for defining the relation between the

magnitude and frequency of momentary annual peak flows of streams in the project

area was made by the California Department of Water Resources and reviewed by

the U.S. Geological Survey. The regional concept of flood-frequency analysis

was adapted because flood- frequency relations derived from the combined expe-

riences of a number of gaging stations in a homogeneous area are considered more

reliable than those based on records for individual gaging stations, partic-

ularly those with short records. The flood series for any single gaging station

is a random sample, and may not be representative of the long-term average dis-

tribution of flood events. A regional analysis defines relationships that are

applicable to drainage areas of various sizes within a hydrologically homo-

geneous region. The techniques employed are only briefly discussed here as

they are explained in detail in Appendix A, Bulletin 112.
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Analytical Techniques

In a regional analysis of flood-frequency^ it is essential that only the

flood records for streams whose peak discharge was unaffected by man-made

storage or diversion be used. Furthermore, a common length of record, or base

period of years, must be used for all gaging stations. Reliability of the anal-

ysis depends on the length of the base period as well as on the accuracy of the

records. Consequently, the longest base period possible was selected within

the period of record of the earliest stations established. The base period

chosen was the 55-year period, 1906-60. It was possible to extrapolate the

flood-frequency curves beyond the base period because of the availability of

qualitative historical records of major floods that occurred prior to 1906.

The methods of tabulating flood data commonly used in flood magnitude-

frequency analyses are (1) the annual flood series, and (2) the partial-duration

series. The annual series of flood peaks is used in preference to the partial-

duration series. Although the partial-duration series is applicable to flood

mapping studies, it has been shown (Dalrymple, 1950, p. 6) that the recurrence

intervals obtained by the two series approach numerical equality for large floods,

For this reason and because of the availability of annual peak data, the annual

flood series was used in this study.

Because a common base period is required for all stations, those stations

whose records are shorter than the base period required an estimate of the

missing annual peak discharges. These estimates for the stations with short

records were made by graphical logarithmic correlation with records for long-

term stations that were in operation during the base period. In addition to

records within the project area, records for nearby stations outside the area

were used in developing the frequency analysis.
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Method of Analysis

The method most commonly used by the Geological Survey in a regional flood-

frequency analysis is the index-flood method (Benson, 1962, p. 16). This method

consists of two major steps. The first is the development of basic dimensionless

frequency curves representing the ratio of the flood of any frequency to an index

flood which is generally the mean annual flood. The second step is the develop-

ment of relations between hydrologic characteristics of drainage areas and the

mean annual flood, so that the mean annual flood at any point within the region

can be defined. By combining the mean annual flood obtained from the developed

relations, with the dimensionless frequency curves, it is possible to develop

a frequency curve for any location.

In a semi-arid region the index-flood method may be inadequate to estimate

large flood peaks on the basis of the mean annual flood. This is particularly

true of large basins where the mean annual flood may often result from a storm

that affects only a part of the basin. An alternate approach (Benson, 1962,

p. 20) is a method in which peak flows at selected recurrence intervals are

related to hydrologic and physiographic characteristics of the basin by multiple-

correlation techniques. This obviates the need of using an index flood, as

individual regression equations are derived for each recurrence interval con-

sidered. A series of significant drainage basin parameters were tested for their

relative significance in predicting floodflows. Briefly, the equations relating

the T-year (any recurrence interval) peak discharge, Qx, to various basin

parameters, have the general form:

Qx = a BbccDd —

where

B, C, D, -- are the independent variables (basin parameters),

a, b, c, d, — are constants of the regression equation



In the project area, it was found that the multiple-correlation technique

of flood-frequency analysis gave more satisfactory results than the index-flood

method; therefore the multiple correlation technique was used in this study.

After several combinations of basin characteristics were analyzed by multiple

regression analyses, the most significant regression equations for defining the

50- and 100-year floods for streams in the project area were found to be:

Q50 = 1016 A-59 Sh--'^'^

and

QlOO = 1288 A- 60 sh-'57

where

Q50 is the 50-year flood discharge, in cubic feet per second

QlOO is the 100-year flood discharge, in cubic feet per second

A is the drainage area, in square miles

Sh is a dimensionless basin shape factor.

The shape factor is defined as:

Sh = d/1

where

d is diameter, in miles, of a circle with an area equal to the basin area

1 is length, in miles, of the drainage basin measured parallel to the

principal stream channel.

As a convenience in determining the 50- or 100-y«ar peak discharges, the results

of the two multiple regressions are shown by a family of curves in Appendix A.

To use the curves, the drainage area above the point for which flood peaks are

to be determined and the basin length parallel to the course of the principal

stream channel are required. These values can be obtained by a planimeter and

a rule after outlining the appropriate basin area on a topographic map.
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Routing Peak Flows

The equations of the previous paragraphs are derived from peak discharges

that occurred under natural conditions, that is, uninfluenced by man-made

developments in the basin. However, there is a major reservoir in the San Luis

Rey River basin. To determine the effects of the reservoir on peak flows, it

was first necessary to obtain a complete hydrograph for a flood event. For the

San Luis Rey River, like most rivers in San Diego County, there are few recorded

hydrographs of major floods. Therefore it was necessary to utilize flood hydro-

graphs from other rivers in the area. A composite dimensionless flood hydrograph

for San Diego County was developed on the basis of a few available recorded flood

hydrographs for all major rivers in the area. This hydrograph, which has percent

of peak discharge as the ordinate and time elapsed since beginning of storm

runoff as the abscissa, is shown in figure 2.

Reservoir gLood Routing

River flows in the San Luis Rey River basin are regulated by Henshaw dam

and reservoir (capacity 194,323 acre-feet). Based on the total volume of the

average flood hydrograph (fig. 2) used in this report it is evident that Henshaw

Reservoir would completely contain the 50- or 100-year flood peak, assuming the

antecedent condition of the reservoir would be half-full at the beginning of

runoff. The condition of Henshaw Reservoir being full at the time a major flood

occurs is very improbable and no further study was made regarding magnitude of

flood peaks for this condition. X

The natural peak discharges for the 50- and 100-year floods in the basin

below Lake Henshaw were determined by methods outlined in the California "^^

Department of Water Resources flood hydrology study of the project area. ^
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FIGURE 2



Table 1 lists peak discharges at selected points for the 50- and 100-year floods

based on the effective drainage area of the river basin below Henshaw Dam.

Table 1.—Peak discharges in San Luis Rey River Basin

Location
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CHANNEL HYDRAULICS AND BACKWATER COMPITCATIONS

Stream Characteristics

Beginning in 1943 and continuing to the present (1963) the San Luis Rey

River watershed has experienced the most severe drought of record. As a result

of long periods of no flow, continued vegetal growth has reduced the streamflow

capacity of the main channel. This is not critical in the narrow mountain

canyons where floodflows are confined between the canyon walls. Along the wide

coastal plain, however, a flood occurring now would spread across more of the

flood plain than it would have bef-ore the reduction in the main-channel carrying

capacity. Consequently, potential flood damage threatens agricultural, business,

or residential occupancy in these areas.

The purpose of this study is to delineate areas that will be inundated by

a hypothetical 50-year or 100-year flood. Hypothetical flood boundaries are

defined from water-surface profiles that are computed from channel cross sections.

Cross sections of the river channel and flood plain were taken from large-scale

maps (1 inch equals 200 feet) or obtained by field survey methods at selected

points along the river. These data comprise an essential part of the standard

method of backwater analysis which was used to detennine the resultant water-

surface profiles for the 50- and 100-year floods.

The basic equation used in computing water-surface profiles is the Manning

equation which requires not only a knowledge of the channel geometry but also an

estimate of the channel roughness. The Manning equation is:

Q = 1.486 ar2/3 s^/2
n

where Q is discharge, in cubic feet per second

n is coefficient of roughness

A is the cross-sectional area, in square feet

R is hydraulic radius, in feet

S is slope of the energy gradient line, in feet per foot
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Roughness Coefficients

The roughness coefficient, "n", used in the Manning discharge equation,

is affected primarily by the following factors: bed roughness, vegetation, channel

irregularity, channel alinement, filling and scouring, and stage.

For several years a continuing effort has been made by the Geological Survey

to widen the range of knowledge with respect to Manning's "n" or roughness

coefficient values for open channels. Indirect measurements of discharge are

made under favorable conditions, where the discharge is known. The formulas

are then used with known discharge values to compute the value of "n". These

computed "n" values serve as a guide for selecting the roughness coefficients

for similar channels. Stereo-photographs of the channels for which the "n"

values have been verified are available for photographic comparison with the

channel under study.

All roughness coefficients used in the backwater analysis were selected by

the engineers of the Geological Survey. Stereo-photographs were taken to imple-

ment field reconnaissance notes and to compare them with photographs of similar

channels with verified "n" values. In the narrow, steep canyon reaches the 50-

and 100-year floods are confined in a channel with a somewhat trapezoidal cross

section, having no appreciable flood plain. Roughness coefficients for these

reaches are fairly high, ranging from about 0.06 to as high as 0.10 where the

brush, trees, and boulders predominate.

For flood stages on the flat, wide valley floors, the main channel is

usually a very small part of the river cross section. The "n" values for these

reaches range from about 0.03 for the main channel to as high as 0.05 for the

wide flood plain with shallow depths. The "n" value for the flood plain usually

decreases rather rapidly with increase in depth to a value of about 0.03.
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Standard Step Method of Backwater Computation

The standard step method of backwater computation has been used to compute

the profiles necessary to determine the extent of flooding by the hypothetical

floods. The data necessary for its use are:

1. Discharge for which the profile is desired.

2. A water-surface elevation at the downstream end of the desired

reach.

3. The cross-sectional area and hydraulic radius at various points

along the channel for all depths of flow within the range

expected,

4. The hydraulic roughness of the channel.

The discharges for the 50- and 100-year floods were obtained from the

regional flood frequency study.

Starting at a section at the downstream end of the reach where the dis-

charge and corresponding water-surface elevation are known, an estimate is

made of the water-surface elevation at the next section upstream. The hydraulic

radius and velocity head can then be computed at each section and the Manning

equation used to route the flow upstream, thereby obtaining a water-surface

elevation at the upstream section. If this computed elevation does not check

the elevation that was previously estimated, a new estimate is made of the

water-surface elevation and the process is repeated until the estimated and

computed elevations agree. This procedure is then repeated in the next reach

upstream.

Constrictions imposed on a natural river channel and flood plain usually

cause some increase in the water-surface elevation upstream. All bridges in

the reaches of river under study were investigated for their effects, if any,

on the water-surface profiles. Methods outlined in Geological Survey Circular

284 (Kindsvater and others, 1953) were used in the analyses. The water-surface
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profiles were first computed by using the natural channel cross sections and then

the effects of bridge constrictions were computed and the profiles adjusted accord^

ingly.

The Geological Survey has developed a program for computing backwater pro-

files for tranquil, gradually-varied flow, using an electronic computer. The

program is set up to compute water-surface profiles for as many as 10 different

discharges at one time. Use of the computer greatly expedited this study.

Stage-Discharge Relation

San Luis Rey.—The reach of stream from below Highway 101 to the Ocean was

considered unsatisfactory for machine computation of backwater. Therefore, a

stage-discharge relationship was determined by the slope-conveyance method at a

representative river cross section just upstream from the present Highway 101

bridge. The slope -conveyance method utilizes the Manning equation, where

Q = KS^. The conveyance (K = i-»^oo aR '3) can be computed from cross section
n

properties, and the energy slope S, assumed to be parallel to the channel slope

for this particular computation, can be measured in the field or from topo-

graphic maps.

Moosa Canyon Tributary. --Moosa CanDKon tributary joins the San Luis Rey main

stem at Bonsall» This tributary drains an area of about 42 square miles and

parts of the flood plain may be subject to considerable future development.

For this reason it was decided to delineate the areas of inundation from the

mouth of the tributary upstream to the vicinity of Highway 395. The initial

stage-discharge relation at the mouth of Moosa Canyon was obtained by using the

water-surface profile for the SO- and 100-year floods for the San Luis ley ftiver

as determined by previous backwater computations. Water-surface profiles for

the reach of Moosa Canyon und^r investigation were then determined by the

standard step method of backwater analysis.
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AREAS OF POTENTIAL INUNDATION

Water-Surface Profiles

Water-surface profiles for the 50- and 100-year floods were computed by the

standard step method of backwater analysis. The stage-discharge relations, as

explained in the preceding section, were used in conjunction with hydraulic

properties of the channel at cross sections located at strategic points along

the San Luis Rey River system. Generally, the cross sections were located about

2,000 feet apart but the distance varied depending on the hydraulic properties

of the particular reach under consideration. The water-surface profiles were

adjusted for the effect of bridge constrictions where necessary, namely, Camp

Pendleton Road bridge near San Luis Rey and Highway 395 bridge east of Bonsall.

Because of the complex channel geometry of the San Luis Rey River from its

mouth to the present Highway 101 bridge, it was considered not feasible to apply

the standard step backwater computations in this reach of the channel. The

section entitled "Special Conditions Below Highway 101" contains a qualitative

discussion regarding the extent of potential flooding for this reach of the

river.

Extent of Flooding

The extent of flooding in the river basin by the 50- and 100-year peak

flows is shown on strip maps which were prepared from Geological Survey 7%-

minute topographic quadrangles for the project area. Plate 5-A shows the San

Luis Rey river from its mouth to above Camp Pendleton Road Crossing. Plate

5-B denotes the inundated areas from above Camp Pendleton Road crossing to the

Fallbrook-Vista Road. Plate 5-C features the reach of the San Luis Rey in the

vicinity of the city of Bonsall and that part of Moosa Canyon for which flood

boundaries were determined. Plate 5-D shows the reach of stream from just below

present Highway 395 Crossing to below Pala, California. Plate 5-E covers the

San Luis Rey from just below Pala upstream to lower Pauma Valley. Plate 5-F

-15-
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completes the area of inundation upstream through Pauma Valley to the confluence

of Paradise Creek and the San Luis Rey River near the Rincon Springs community.

No further flood profiles were deemed necessary in the fifteen miles upstream to

Henshaw Dam because the river is confined in a narrow mountain valley at all

stages.

Flood inundation boundaries have been determined by using the computed watfrr-

surface profiles and selected cross sections of the river. The edge of the water

at each end of a particular cross section occurs where ground and water elevations

are identical. Flood boundary lines are then drawn through these points, using

the map contours as a control between cross sections, and field checking where

necessary. A grid of elevations to the nearest foot or one-half foot appears

on the large-scale (1 inch equals 200 feet) maps so that for areas covered by

these maps, flood boundaries between cross sections were more easily determined.

Special Conditions Downstream from Highway 101 Bridge

In the 3,000-foot reach of the San Luis Rey River between the present High-

way 101 bridge and the mouth, a situation exists which obviates use of machine

computations for determining water-surface elevations. Although the river flood

plain is spanned by the Highway 101 bridge and the Atchison, Topeka and Santa Fe

Railroad Bridge, neither bridge structure offers an appreciable constriction and,

therefore, can be ignored with regard to backwater effects on floodflows. As

part of the city of Oceanside Marina project, considerable channel reduction has

occurred both above and below the Atchison, Topeka and Santa Fe Railroad bridge.

Retaining levees composed of earth fill behind heavy stone riprap have been

constructed so that the carrying capacity of the flood plain is drastically

reduced. Such conditions will undoubtly cause higher water-surface elevations

than before^ should a large flood occur. Also, sand deposits caused by ocean

tides and littoral currents partly block the mouth of the stream. It is assumed

that as soon as the sand bar is overtopped by floodwaters^ it will be washed out
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rather rapidly. For this reason it is probable that the floodwaters will not

rise to any great height above the elevation of the top of the sand bar at the

time of flooding. The flood plain, immediately dovmstream from and south of

the railroad bridge, will probably be inundated by a flood of large magnitude

with resulting damage to the area.

Owing to the fact that half-tide level (average of mean low and mean high

tides) is only about 3 feet above mean sea level, it is improbable that the

elevation of floodwaters would be increased by normal tidal conditions. How-

ever, the highest tide recorded along the southern California coast in recent

years Is about 8 feet, and should a tide of this magnitude occur simultaneously

with a peak discharge having a 50- or 100-year recurrence interval, the flood-

waters would rise high enough to inundate a larger area. Also, a combination

of high tide and strong wind, with resultant wave action would cause the flood-

waters to rise above that elevation which would occur from average tidal con-

ditions.

HISTORICAL FLOODS IN SOUTHERN CALIFORNIA

This report would not be complete without some mention of notable floods

that occurred in the past in the San Luis Rey River basin.

Since 1770 flood runoff from the Coast Ranges has been observed and records

of floods are found in a wide variety of publications. Only through judicious

consideration of these past floods can plans be formulated for protection from,

and control of, future floods which will inevitably occur. In spite of the

application of our most advanced technioal and scientific knowledge of flood-

control practices, those who occupy natural flood channels and flood plains

will be exposed to damages from floodwaters from time to time. The earliest

references to floods in southern California streams are found in diaries and

records of the Spanish Mission Fathers. Official weather observations in southern

-17-
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California were begun in 1851 at San Diego. The first known estimate of flood

discharges was made for a flood of 1889 on the Los Angeles River. The measure-

ment of the flow of streams in California was begun on a very restricted basis

in 1878 by the California State Engineer. The U.S. Geological Survey established

a gaging station on the San Gabriel River near Azuaa in 1894 and has gradually

extended the work of collecting streamflow records throughout the State; many

records have also been collected by private individuals.

Data indicate that major floods probably occurred in 1821 and 1851 on the

San Luis Key River and later records specifically mention major floods occurring

in 1862, 1884, 1889, 1891 and 1916. Father Doyle of Pala Mission, interviewed

shortly after the January 1916 floods, stated that it was the greatest flood to

occur since the valley was settled. He rated the flood of 1862 as second great-

est, and the flood of 1884 as third,

Edward R. Bowen, in a paper on the San Luis Rey floods of January 1916

says:

"The entire San Luis Rey Valley was inundated, the stream

extending from hill to hill, a distance of probably 1% miles —

and covering an area of over 1,000 acres. The drift along the

county road on the south side of the valley indicated a 6-foot

deptli of water nt that point.***

All farms in the valleys of the lower river were com-

pletely destroyed and three people were drowned. The entire

valley is covered with deposit of sand and silt to an average

depth of at least 3 feet, and in many places as much as 6 feet.

Conditions along the upper river are not so bad. Tlie valleys are

more constricted and the stream better confined, although all

crops along the bottom lands have been ruined."

-18-



Plates 1, 2, and 3 show damages at various points along the river basin caused

by the 1916 floods. The peak discharge of the 1916 flood Is considered to be

greater than the 100-year flood discharge as determined by the regional flood-

frequency analysis used in this report. The historical information and the

pictures included in this report are the results of a limited search mAde

during the field investigations for this project.

SUMMARY

The flood hazard along the San Luis Rey River, one of the five principal

streams In San Diego County, has been Investigated using peak discharges for

hypothetical floods having 50- and 100-year recurrence intervals. These peak

discharges were determined by a regional flood-frequency analysis of streamflow

records in and adjacent to the project area. A composite dimenslonless hydro-

graph, based on available recorded flood hydrographs for all major rivers In

the area, was developed to determine the volume of runoff associated with the

50- and 100-year floods. Our studies indicate that Henshaw Reservoir due to

Its enormous storage capacity would completely contain the 50- or 100-year

floods assuming that the antecedent conditions of the reservoir would be half-

full at the beginning of runoff. The condition of Henshaw Reservoir being full

at the time a major flood occurs is very improbable and no study was made

regarding the magnitude of flood peaks for this condition.

The natural peak discharges based on the effective drainage area of the

river system below Henshaw Dam are used to determine areas of inundation.

The areas of the San Luis Rey River flood plain that will be inundated

by floods of a 50- or 100-year magnitude and frequency are delineated on the

maps included with this report. To define these areas it was first necessary

to obtain cross sections and channel roughness coefficients for many points.
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These data were processed by the standard step method of backwater analysis to

compute the water-surface profiles for the 50- and 100-year floods. The areas

of potential inundation were delineated from these water-surface profiles for

the selected floods.
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PLATE 2

U. S. Highway lUl Bridge over the San Luis Key River at Oceanside, Calif.

BEFORE Floods of January, 1916.

U. S. Highway 101 Bridge over the San Luis Rey River at Oceanside. Calif.

AFTER Floods of January, 1916.
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PLATE 3

View from Rosicrucian Hill (Oceanside, Calif.) upstream toward Mission San

Luis Rey after Floods of January, 1916.

From: Robert A. Wcese, Supt., Water and Sewer Dept.. City of Oceanside, Calif.
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COOPERATIVE AGREEMENT
BETWEEN

THE STATE OF CALIFORNIA, DEPARTMENT OF WATER RESOURCES
AND THE

COUNTY OF SAN DIEGO

This Agreement, entered into by and between THE STATE OF

CALIFORNIA, DEPARTMENT OF WATER RESOURCES, hereinafter referred to

as the STATE, and the COUNTY OF SAN DIEGO, hereinafter referred to

as the COUNTY:

WITNESSETH
WHEREAS, by the State Water Resources Law of 1914-5 the

State is authorized to make investigations of the water resources

of the State, formulate plans for the control, conservation, pro-

tection, and utilization of such water resources, including solu-

tions for the water problems of each portion of the State as

deemed expedient and economically feasible, and may render reports

thereon; and

WHEREAS, by said law the State is authorized to cooperate

with any county, city, state agency or public district on such

water resources investigations and when requested by euiy thereof

may enter into a cooperative agreement to expend money on behalf

of 6iny thereof to accomplish the purposes of said law; and

WHEREAS, the County has requested the State to make a

cooperative investigation and report on the flood control prob-

lems of the major coastal streams of San Diego County;

NOW THEREFORE, it is mutually agreed, subject to the

availabilitv of funds, as follows:
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1. The State shall perform the work provided for by

this Agreement and shall prepare the report and

otherwise advise and assist in formulating the

flood hazard problems of the County.

2. The work program shall be as set forth in the

attached sheet, entitled "Work Program", marked

"Exhibit a", and incorporated herein by this

reference.

3. The County shall contribute $53,000, which shall

be transmitted to the State prior to commencement

of the work.

k. The State shall contribute $53,000 from funds appro-

priated to the Department of Water Resources by

Item 256 of the Budget Act of I96O.

5. Funds contributed by the parties shall be deposited

in the Water Resources Revolving Fund in the State

Treasury for expenditure by the State in performance

of the work provided for in this Agreement.

6. The State shall under no circumstances be obligated

to expend for or on account of the work provided

for under this Agreement any sjnount in excess of the

funds made available hereunder.

7. A statement of expenditures for the fiscal year

ending June 30, I962, shall be furnished the County

by the State as soon as practicable after the close

of the fiscal year.
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8. Upon completion and final payment for the work

provided for in this agreement, the State sheill

furnish to the County a statement of expenditures

made under this Agreement, and any balance which

may remain of the sum or sums advanced by the

County shall be returned to the County.

9. It is mutually understood that the sum of One Hun-

dred Six Thousand Dollars ($106,000) to be made

available as hereinbefore provided, is adequate to

cover the cost of performing that portion of the

work scheduled by the State for performance during

the fiscal year I96I-62.

10. FUnds unexpended by the State during the fiscal

year 196I-62 shall, if necessary, be available for

final completion and publication of the report dur-

ing fiscal year 1962-63-

11. During the progress of this investigation, all maps,

plans, information, data, and records pertaining

thereto which are in possession of either party

hereto, shall be made fully available to the other

party for the due and proper accomplishments of the

objectives hereof.

12. The work to be done under this Agreement shall be

diligently prosecuted with the objective of com-

pleting the investigation and report by June 30,

1962, or as nearly thereafter as possible.
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13. The County shaill be provided with 50 copies of

the final report, and the State shall provide

copies for distribution to the official archives

and principal libraries in the State.

IN WITNESS WHEREOF, the parties hereto have executed this

Agreement as of the date hereof.

DATED: June 26, I96I.

Approved as to form and
legal sufficiency:

COUNTY OF SAN DIEGO

/s/ Mark C. Nosier
Acting Chief Counsel
Department of Water Resources

Approved - Department of Finance

By /s/ D. W. Bird

STATE OF CALIFORNIA
DEPARTMENT OF WATER RESOURCES

/s/ D. M. Luevano By /s/ Paul L. Barnes

Approved as to form

HENRY A. DIETZ
COUNTY COUNSEL

By /s/ Robert G. Perry
Deputy
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WORK PROGRAJ-I

The objectives of the work to be performed under this agree-

ment shall be to determine the peak discharges at various points along

the major coastal streams, as hereinafter listed, for varying frequencies

of occurrence and to delineate the areas inundated under present cultural

conditions at each occurrence interval. The work shall be completed in

staged sequence for the following streeuns in the order shown:

1. San Diego River from El Capitan 6ind San Vicente Dsiras to

Mission Gorge

2. Sweetwater River from Sweetwater Dam to mouth

3. San Dieguito River from Sutherland Dam to mouth

k. San Luis Rey River from Lake Henshaw to mouth

5- Otay River from Lower Otay Dam to mouth.

The work necessary to accomplish these objectives shall

consist of:

1. Preparation of an inventory and evaluation of existing

data and determination of areas requiring collection

of additional data

2. Computation of flood flows along the subject streams

for varying frequencies of occurrence through investiga-

tion of hydrology of the entire watershed contributing

to the stream

3. Preparation of maps of areas that would be flooded

under present topographic conditions and cultural

developments for the various intervals of flood conditions.

Exhibit A
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Interim reports sheill be prepared on each stream group as

completed, to be compiled into a final report covering the entire

investigation.

Exhibit A (Cont.)
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AMENI»ffiNT NO. 1 TO COOPERATIVE AGREEMENT NO. 860128
BETWEEN THE STATE OF CALIFORNIA,

DEPARTMENT OF WATER RESOURCES, AND THE
COUNTY OF SAN DIEGO

THIS AMENTSffiNT TO AGREEMENT, entered Into by and between THE

STATE OF CALIFORNIA, DEPARTMENT OF WATER RESOURCES, hereinafter referred

, to as the STATE, and the COUNTY OF SAN DIEGO, hereinafter referred to as
I

the COUNTY:

WITNESSETH
WHEREAS, the State and the County entered into an agreement,

dated June 26, I96I, providing for the financing and undertaking of an

investigation and preparation of a report by the State on the flood hazard

problems of the major coastal streams of San Diego County; and

WHEREAS, said agreement provided that the State amd County each

contribute $53^000 for expenditure by the State in performance of the

work provided for in the agreement; and

WHEREAS, said agreement provides that funds unexpended by the

State during the fiscal year 1961-62 shall be made available for final

completion and publication of the report during fiscal year 1962-63; and

WHEREAS, because of unforeseen delays in staffing and printing,

the report cannot be completed and printed in final form until after the

end of fiscal year 1962-63; and

WHEREAS, there are presently in the Water Resources Revolving

Fund in the State Treasury, funds sufficient to cover costs of completing

and printing of the report;

NOW, THEREFORE, it is mutually agreed that the agreement re-

ferred to above be hereby amended to provide that any unexpended funds
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deposited in accordance with said agreement which remain at the end of

fiscal year 1962-63 shall be available for final completion and publi-

cation of the report during fiscal year 1963-6*4-.

Except as herein amended, all other terms of the agreement be-

tween the State and the County shall remain in full force and effect.

IN WITNESS WHEREOF, the parties hereto have executed this simend-

ment as of the date hereof:

DATED: June 23, 1963

Approved as to form and
procedures:

COUNTY OF SAN DIEGO

/s/ David B. Walker
County Counsel

Approved as to legal form

and sufficiency:

/s/ James M. Carl
Counsel

Department of Water Resources

By /s/ Robert C. Cozens

Chairman, Board of Supervisors

ATTEST: Helen Kleckner
Clerk of the

Board of Supervisors

By /s/ J. Miller
Deputy

Clerk

STATE OF CALIFORNIA
DEPARTMENT OF WATER RESOURCES

By /s/ Neely Gardner

DEPUTY DIRECTOR AO^INISTRATION
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